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EDITOR’S PREFACE 


The first English edition of Li^ige’s •Sulphuric Acid and 
appeared in 1879. Since that date the ^ook has been 
• revised and* extended in subsequent editions until, with the 
companion volumes on Coal Tar and Ammonia, it extended 
to nine volumes, covering most of the heavy chemical industries 
of Britain. A supplementary volume on Sulphuric and Nitric 
Acids by Dr Lunge in 1917 marked the end of his long labours 
in this field, and he informed the publishers that he could no 
longer undertake the preparation of new editions. The mere 
compilation of the volumes which he wrote would be in itself 
a wonderful achievement, but Dr Lunge’s place in the history 
of chemical industry is due still more to the faJt that^^^he 
played a leading part in the discoveries and impre^j^m^nTS ' 
which built up the industries of which he ^rote. 

By a curious coincidence, the end Of Dr Lunge’s long 
literary labours came just as the processes which he originally 
described died t)ut. The fiargreaves process has gone, in this 
country least; the Let^anc process dying, if^not actually 
dead already ; even the chamber process for suljjhuric acid 
has now a competTtor that threatens to become a rival. 

The vcrlunfes written by 0 r Lunge have escaped a comfffoa 
criticism of faqjfiry managers that books give only an outline 
of a maniffacturing process ; indeed the onl)^ criticism has been 
that Dr Lunge’s books gave alnuDSl tj)o much detail.f. It may, 
however, be realised how important 0; a detail relating to a 
matter involving a possible saving of only one-tenth of one p^r 
cent., whence is pointed oift that this smaH economy in the 
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manufacture of sulphuric acid would mean ^saving of thousands 
of pounds, since tl^ value of the sulphuric acid manufactured 
annually in* Great Britjyn alone amounts to several million 
pounds, 

^ach new edition of this series has been ’an expansion 
and •extension of that which preceded R, fuller treatment 
being accorded to subsidiary maruifactures a^ they increased 
in commercial* importance, until the name Sulplmric Acid 
and Alkali became a cover for what was practically an 
encyclopedia o/ the heavy ^chemical industries. 

The last arrangement into volumes and parts was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches, and as 
this appeared to be a favourable opportunity for instituting 
a new arrangement, it was decided to sub-divide the work 
into sections more in accord with modern developments. The 
last few years have brought with them so many changes in the 
chemical industries that the revision required in most of the 
volumes will involve such drastic recasting that the new edition 
will be m<yc a new book than a revised edition. 

It doubtful if any ftne man could take up Dr Lunge’s 

task of^ describing adequately all the industries now dealt 
with in ttese voluiqjt's, and it is certain that few would care» 
to attempt it. Each volume will therefore be on a special 
subject and dealt with by a separate author ^who is respon- 
sible for tfact volume, and is givei| a wide discretion in his 
treatment of the subject. 

The rcfitor trusts that these united effwts will produce a 
nm edition worthy of the great tradition which f)r Lunge has 
established. 

The editor will be pleased to consider fo? publication in 
this series any ma^u.scripts or original work on this or allied 
subjects.*' A. C. C. 


Liverpool, Munli 1923. 



AUTHOR’6 PREFACE 


Since the last edition of Dr Lunge’s Sulfhuric Acid and 
Alkali appeared, the industries connected with the manufacture 
of saltcake and hydrochloric acid have undergone such revolu- 
tionary changes that it has been a matter of great difficulty to 
decide what was a just balance between established but waning 
processes and those newer processes which arc steadily supplant- 
ing them. The Margreaves process is no longer in operation 
in this country, but its historical interest and its fascination 
for inventors justify a short chapter. The manufacture of 
saltcakc by pan and furnace procc.s.ses is still of sufficient 
importance to merit description, but these process^ have^een 
given in less detail than in former editions. the old 

plant becomes worn out other methods .saltcake nfanufacture, 
having no connection with the Leblanc 'process, ‘will probably 
be adop^d, and fuller treatment has therefore been given 
to other meth(5ds and propo.sed methods. 

An ^ndeavour has b^en made to provide as full details as 
possible of the scientific data available regarding the properties 
of the chemical Compounds used or prepared in these manu- 
factures, *as fhis information is of value whatever the methtd 
of m an 11 fact mav be. * , 

The Manufacture of hydrochloric acid is/io longer necessarily 
connected with the manufacture of sa^tcake, and fulle?4reatment 
has therefore been given to its manufacture from chlorine and 
to other modern developments. The chapter on the theory 
of th^ abni^rption of hydrochloric acid has been complet^y 



AUTHOR’^ 


•ecast- and rewritten, with elimination o!* much polemical 
natter of little modern interest. 

The author desires to, express hi» gratitude to ^he manu- 
acturer% work^ chemists, and frienob who have kindly provided 
nfoftnation, and also to Dr J. Knox for his assfstance in the 
ediua' task of proof-readiner. * ACC 

Liverpool, March 1923.* 
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THE MANUFACTURE 


OF 

SALTCAKE, GLAUBER’S* SALT, AND 
HYDROCHLORIC ACID 

INTRODUCTION 

One of the outstanrling features of the nineteenth century was 
the rise of several great chemical industries, and of these, one 
of the most important was the Leblanc soda industry. The 
fight for supremacy between it and its great rival, the Ammonia- 
soda industry, appeared likely to end with divided honours, but 
just as each appeared secure in its own field, the electrolytic 
process arrived and completed the dowi^all of the Leblanc 
process. * 

To the chemist there must be a natural regret that Uif day 
of the Leblanc process has pa.sscd. Originally a procc.s^or the 
manufacture of sodium carbonate and sodiTim hydroxide, it 
furnished so jnany intermediate and by-products that it gave 
directly or indirecj:Iy saltcake, hydrochloric acid, sodium car- 
bonate, soda crystals, sodi Jn hydroxide, .Glauber’s'fhlt, the 
sulphide, sulphite, bisulphite, thiosulphate and hypochlorite of 
soda, chlorine and bleaching powder. Chance sulphur, and cnany 
other useful products. For many years before the war the 
Leblanc process ^icld its own a^inst the ammonia-soda process 
only on acrynnr of thp value of these subsidiary products. With 
rite extension of the electrolytic process for manufacturing 
caustic soda, and the manufacture of cljlorin? product^ from 
the electrolytic chlorine, the Leblanc process was steadily 
supers^ed. 

The first stage of the Leblanc process was the manufacture 
of sodium* sulphate (saltcake) and hydrochloric acid by the 
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interaction of salt and sulphuric acid, or by the combined •action 
of sulphur dioxicie, oxygen, and water on •salt. Although 
the Leblanc proce.ss as a method foi the manufac^re of alkali 
is almj|)st« if not cnlirdly cxtinc^, the first stage is likely to 
retain an important position in chemical industty on account 
of ;hc many uses of saltcake and ht'drochloric acid. 

It appears probablci however, that only so much hydro- 
chloric acid wjll be made from Stilt and sulphuric acid a^ is 
produced in filling the ejemand for sodium sulphate, and that any 
additional hydrochloric acid required will be manufactured from 
electrolytic chlorine. The United States produced 168, OW 
short tons of hydrochloric acid in 1914, and Great Britain 
probably produced a little more, so that the manufacture of ' 
hydrochloric acid is in itself an important industry. 



CHAVTRR 1 

• 

PROPERTIES OF THE RAW MATP:fcIALS •AND PRODUCTS OF 
THE HYDROCHLORIC ACID AND SALTCAKE ’INDUSTRY 

This cha[>ter is devoted mainly to a description of the chemical 
and physical properties of sodium chloride, hydrochloric acid, 
and sodium sulphate, both as pure chemical substances and 
as more or less impure commercial products. 

Hydrochloric acid, the only known compound (;f hydrogen 
and chlorine, has been known in the form of its solution (“ spirits 
of salt”) since the Middle Ages. The gas was first isolated 
by Pric.stley in 1772. Glauber in 1648 prepared hydrochloric 
acid by the action of sulphuric acid on common salt, and this 
is still the mo.st important method of preparation. Tihe other 
product of the reaction, “ saltcakc,” was for long the only fjodffet 
of technical importance, and was manufactured on a v^y large 
locale even when hydrochloric acid was a useless and troublesome 
by-product. The chemical reaction involved in the manufacture 
is extremel)P simple ; — 

aNaCl + H,?04 = NajSO, + 2«CI. 

• 

We are concerned, therefore, mainly with the chefni^try of 
these four substance^. The chemistry of sulphuric acid is 
fully described Jn another volufne. The chemical and physical 
properties of the other three compounds and of compounds 
closely related to them are described fully in the following 
chapter. .Many details which may at presentiftppear unimport- 
ant or irrelevant to the manufacturing process are included, 
becau^ such information may at any time be found to have 
a direct bearing on technical problems connected with the, 
manufacture/ ’ 
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I. Sodium Chloride (Common Salt). 

Formula : NaCf It consists of ^9-34 per ceim ui suuium 
and 6o-66 j:)cr cent, of ch/orine. 

^ AnKydruu.s .sodium chloride crystallises in the regular system, 
nearly always in cub»s. At temperatures above o'* it crystallises 
from .solution in the anh^'drous state ; but tlic crystals, if rapidly 
formed, enclose a little mother-liquor, which causes decrepitation 
on heating. * 

For the absolute heat conductivity of rock-salt R. Weber ^ 
gives K =00137 atV. • 

Pure sodium chloride is practically non-hy'groscopic, but 
crude salt is generally markedly h)'gro.scoj)ic on a9:ount of the 
presence of impurities such as magnesium chloride. • 

Pure .sodium chkjride docs not absorb heat ra)\s to any 
extent, 92 per cent, being transmitted and 8 per cent reflected. 

Colloidal sodium ihloridc has been prepared by precipitation 
from organic solvents in ab.sencc of water.- 

Density. — The density of })urc sodium chloride is given by 
Cdarke as 2‘05-2 i5 ; by Retger as 2-167 at 17" ; by Krickrneyer 
as 2-174 at 20^ For rock-salt the values given vary between 
214 and 2 24. 

Rt^r^'tivc lndex.~X\M:, average value given by a number 
of^)b.s«r^ers is 1-54432. * Stefan (1871) gives 1-54412 at 18'' for 
the D litie. 

Ileal 0/ Donnalion . — The heat of formation of anhydrous 
.sodium chloride is given by Thomsen as 97,690 calories. 

Double Chlorides — According to O. Menge,’' .sodturn chloride 
forms williimagncsium chloride the |ompound*NaCl, MgCl^, and 
with calcium chloride the compound CaC’l.,, 4NaCl. ^ 

l/a^dfiess of crystalline salt is stated to be 2-5. 

Meltiny[-poinL—'\\\Q melting-point o? sodium chloride is 
. given by Carnelley ‘ as 772 C. ;«by Victor Mcy«r and Riddle^ 
as 815-4''; by Lcchatelier (1894) as 780”; by M'Crae (1895) as 
811-814-5'^; by Ramsay and Eumorfopulos (18^) 792°; by 

Ruff ami Plato (t>03) as 820'’ ; Huttner and Tamman.(i905) as 

' Anh. Si. phys., 1895 (5), 88, 590. 

Paal and Kuhn, 1908,41, 51 ; P. von Weimarn, J Russ^Phys. 
, Ckcni. 1910, 4^ 2j5. ‘ Z. anor^ Client.^ 191 1, * 72 , 162. 

♦ J, Chem. Soe.y 1878, p, 280. • JBer.^ 1893, p, 244 7> v 
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8io® ;* Arndt (1906) as 805'’ ; U.S. Bureau of Standards (1919) as 
8io'\ The soliflifyin^-Poin^accordinj; to Plflto (i90(3) is 804*3'. 

Boiling-f oint. — The bofling-point o( .sodium chloride is ^iven 
by F. Emich^ as 1750 aiui by L. II. Bor^.strom* .14 1490". 
It volatilises nbticcably far below the l)oiiin^-point. j^nviii^^ def\se 
white fumes as the vapour condeitse.s. • 

Density of Fused Salt.^ — The folt.)win^ figures are from 
determinations by Arndt and Ge.ssler,^ who j^ivckal.so the values 
for potassium chloride and varidus other*chlorides : — 

• Temperature . 8oo"« 85t»' (>X)" 

Density . . 1*540 1*505 i*4<So 

The dciisities of mixtures of fu.sed sodium chloride with 
other chloTidcs a^rec with those calculated from the densities 
of the component.s. 

Tin, zinc, lead, aiul copper oxides, and zinc, lead, and copper 
sulphides, are apprecial)ly .soluble in fused sodium chloride. 
Solution takes place very slowly, and even at I2cx)‘’ the 
solubility does not reach i per cent. 

Specific 1 1 cat. — lH)r the specific heat between 13' and 46'', 
Kopp ^n’ves 0213; between 15" an<l pS'", Re^nault ^dves 0-2140". 
For rock-salt at o'", Weber ^ives 0*2146; between 13“ and 45", 
Kopp gives 0*2 19. ^ ^ 

Solubility in Organic Solvents. — I'urner and Biss^'tb^ (Jive 
the following .solubilities for sodium chloride in various^alcohols, 
the figures representing grams of anhydrous .salt (hs.solved by 
100 g. of .solvent at 25" : — 

Solid Pha .0 • W»l.*r 

ilf'‘uhol Alcohol Alcohol ^Hhol 

NaCl 3^>‘05 *'3i 0*065 *0*012 0*002 

• 

The solubility increa.ses rapidly if the alcohol is dHu^ed with 
water. Other inve.sttgator.s, for example, found the solubility 
95*5 per 'Cent, ethyl alcohol^at 15" to be 0*172, and in 75 per 
cent, alcohol to be 0*7. It is appreciably soluble in glycerine, 

t 

• Aqueoua Solutions of Sodium CMoride. 

Sodium chloride is readily .soluble in<tvater and the solubility 
curvft is of rather an unu.sual type, the solubility varying very 

* Cktm. Soc. Apftracts^ 1910, 98 , ii., 846. - Di/t., 1916, iio, li ,138. 

* Z. EUktT(K^m.^ 1908, li, 66 s. * them. Soc. I runs ^ 1913, 108, 1904. 
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little with temperature. According to Bischof, the solubility 
docs not vary with prc.s.surc up tt> 4cf atmos.* On dissolving 
36 parts of salt in 100 ,^,rt.s of watcl at 12.6“, thc«tcmpcrature 
falLs ty lU i . 'iheiheat of solution of .sodium chloride is 
giVen by Thomsen as - 1 180 cal.s. The heat 6? formation in 
solKtion IS 81,5 10 cals. For its lu-at of formation by neutrali.sa- 
lion, I liomscn ^nves - • 

HCI, 2ooin(j|s. H.O fNaOII, 200 mols. H._, 0 - Nad* A,/. + 13,740 cals. 

I he .soluhilit)- of .s(*dinm chloride in water has been deter- 
mined with gpiter 'e.vactiKule than that of most other .salts. 
I he following table gives a .summary of the mo.st reliable data:— 


'ri‘in|.er!ittir. 

(' 


(idi 
') 2:; 


->•3 

l-’-.S 


30 ^ 
.}0 

(to 

70 

80 

90 

100 

io;-7 

140 

l()Oi 

KSO 


Nilnl resiilut 

at 

I lie ImiI torn 


lit 1 N iCi,’2ri,,() 

2.S.(j 

NtCi.’jn .0 

Xa('t. :ll‘o 

30-7 

32 -y 

Nt('l 

3 S ''>3 


35 -(n^ 


I’arts l»v Wei,., lit 
of NuC! 
to 1(1(1 II ,( I 


lO'O 
1 1-0 
1 StJ 
20*0 


3(1-03 
V'-32 
3(1 (17 
37-o() 
37-Si 
3S.0 

3‘'<-52 

.VM2 

42-1 

44 -’J 

t 


I >0 C'ojipet. 
<M.tti;.^non. 


I Mcycrholler ant] ' 4 ,iundcis. 
Maiipnon. 

1 Mt‘\( iliulltM anil S.tunder‘1. 
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„ li.-p. ai .‘’45 mm. 
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Ihe m,|.st striking feature of the .solubilitv curve for .salt 
11. the slight v.mation with temperature. The tiiple points 

• hor freezing-point determinations, 
sec F. F. F. Lamplough.' - 

The presence of other salts generally raises the solijbility 
of sodium chloride, e.sjKicially at a higher temperature. But 

^ /*nv. Camd. Phil, 6V., *9ii- lo, 193, 
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his d©cs not apply to other chlorides : thus NaCl is h^rdl/ 
olublc in a coi^'cntrat^d solution of inaj^nesiuin chloride, and 
he chloride^ of ammoniury Xnd potassium (,tIso sodium nitrate) 
)recipitate XaCl from its concentrat&d solutions, Jt is also 
ess soluble iw^ hydrochloric 5 cid than inVatcr, and is*alm^st 
:ompletcly precipitated from its aqueous rf>olution by a current 
jf IICl. Its solubinty decreases with incrcasinj^ concentration 
jf^HCl.^ .Sodiiyn chloride, tin {general, shows lU) tendency to 
:omplex hwmation with other saUs c(mtainin^ a common i<ui, and 
iddition of a salt containin*^ one of thelons of sodium chloride 
therefore causes a decrease in thc*solubiHty which is the more 
marked the j^reater the concentration of the salt a<lded. 

'Y\\v freest fig-poi ft/ s of solutions of sodium chloride, according 
to KarsteiV are : — 


NaCl 
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- <>39 

26 

i ;*77 
, -18.42 

1 1 


From Ihschaf’s obscrv|tions Karsten calculates the following 
figures for the evaporation of solutions* of sodiunT*chlonde in 
comparison with pure water at temperatures from ^•5'' to 90“. 
If from pure wate# in a certain time there is an •evapora- 
tion of volume of water, ^hc evaporation from brine, under 
exactly similar conditions, is as follows:-- 

From 5 per cent. NaCl solution 0*8768 vols. 


„ 10 „ 

0 

6 

» 1 5 M 

„ t 07044 

„ 20 „ 

•„ • 0.6583 „ 

„ 25 

„ 0.6429 „ 

1 Pitte, Compfes rend,^ 1881, p. i$6. 
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In other words, the quantity of heat which will evaporate 
one volume of water from pure wafer will only evaporate 
the amounts shown in the table Vrpm salt solutions 



UoiliiiH- 

poiiit. 

1 XaCI 

Boilnij;. 

1 ^loiiit. 

NaCl 
piT cent. 

t 

T)«'K'n‘i‘8. 

I 

> 1 


100-21 

* 11 

102-66 

21 

100.42 ^ 


102-94 

22 

ipo-64 

100- 87 i 

101- lO [ 

101-34 ! 

13 

14 

!6 

103-23 

103-53 

103.83 
104.14 i 

-? 

! 25 

. 26 ^ 

101.59 

101-85 |: 

102.11 1 

17 

18 

19 

104.46 j 
104.79 
105-12 ; 

, 27 

1 28 

1 5(1 

102.38 j| 

20 

105-46 

29.4 


BoUIdr- 

point. 


DcifrecH, 

105.81 

106-16 

106.52 

106-89 

107.27 

107.65 

10804 

108.43 

108.83 

108.99 


.Trt; 

S^edjic Gravities of Solutions of Sodium Chloride. 


~i 

IVfcent. • 
XaCl. t 

Np'-c unit at 
1.')” 

l.V 

, {tlerlacli) 

• • 

' s 

1 

1-00725 


2 

1-01450 


3 

kf 1-02174 


4 

I -02899 

« 

5 

1.03624 


6 

i-043(>(> 


7 ‘ 

1-05108 1 


8 

1.05851 i 


9 

1-06593 


10 

1-07335 


11 

1.08097 


12 

1-08859 


13 

1-09622 


14 

r 

i- 10384*» 

k 

— -t- 


lit t’O 
(Sthifl) 


1 -OOtif) 

1 01 33 
I -0201 
1-0270 
1 -0340 
I041I 
10483 
1.0556 


10781 t 


IVr CPiit 
NaCl 


18 

19 

20 
21 
22 
21 

24 

25 

26 
26-4 

27 


15' 

(G'orlaoh). 


Kl*<-c grav 
at 20” 
(tSchitf). 


1-11146 
l'I^3« 
1-12730 
1-13523 
1-14315 
I -15107 
^ I-I593I 

1-16755 

1-17580 

1-18404 

1-19228 

1.20098 

1.20433 


1-1090 

1-1168 

1-1247 

1-1327 

1-1408 

1-1490 

1-1572 

1.1655 

1-1738 

1-1822 

1-1906 

1.1900 





tf 


dULIlUM L.HL.UniUl!!i 


N«C 1 

iw cpnt. 0 

^ capacity. 

IlMt- 

ootulactivtty. 

• 

0 

• 

1-0200 4 

1-0000 

5 

0 

0 

. 1-0302 • 

lO*^ 

0-9408 

1-0629 • 

15 

0-9102 

1.0987 

20 

0-8784 . 

• M384 

25 

0-8453 ^ 

1-1830 


Contraction in Volume on Solution . — There Is a noticeable 
contraction in volume when salt dissolves in water. For data, 
see Hallwachs,' VVade,“ and Happar 4 .^ • 

The heat of fonnation of a gram mol. (58-5*g.) NaCl from 
Na and Cl«is in the solid state -1-97,690 cals. The heat of 
neutralisation of 40 g. NaOH with 36-5 g. HCl in the presence 
of 400 mols. of water is +13,740 Ctals. The heat of solution of 
I mol. NaCl in 200 mols, H ..0 is — 1180 cals. 


Ohemloal Reactions of Sodium Chloride. 

Sodium chloride shows little tendency to decompose or 
dissociate even on the strongest heating. It is decomposed 
by steam to an extremely small amount, the hydrolysis taking 
place only to a small extent when stefem is blowr^ through 
molten .salt at a temperature approaching its boiling-po^t.^ In 
spite of this many patents utilise the supposed reactioij * 

* When heated in presence of air or ojJ^gei] to ,a very high 
temperature, sodium chloride evolves .some chlorine.* It cannot 
be reduced*by heating in hydrogen. 

Molten anhySrous .soditm chloride is readily decggiposcd by 
electrolysis, and sodium is prepared on a large scale in this way. 
Aqueous solutions of salt arc also decomposed on %lcctroiysis, 
yielding sodium hydf oxide and chlorine. This methoef for pre- 
paring caustic soda is alread)*of great importance and it may^ 
yet replace all other methods. • 

When ^repeatedly evaporated with nitric, oxalic, and many* 
other aoids, sodium chloride is completely converted into a salt 
of the acid with evolution of hydr^hlofjc acid. ^ 

* Ann., 1894, 68, 1. * Trans. Ckem. Soc,, 1899, 75 , 254. 

* Bull. Inst. Lilge, 1903. 

^ de^fcrtWcrval, Comples rendft 1893, lie. 641. 
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* • . ' 

♦ Sodium chloride absorbs a considerable amount of «ulphur 

trioxide, ^ and onl^ on heating is there evoluU'on of gas. The 
reaction which occurs is represented ^by the equatic^i : — 

. Na<jl + 2 S 03 =Na 0 SACI. 

^ ^ Z .i 

When sodium chloride is warmed with sulphfir trioxide, the 
following reaction tahes place: — • 

2NaCI +*4SO,, = Na,5.0. + S, 0 ,,CI,.- 

When sulphuV trioxide vapopr is led over red-hot sodium 
chloride, sulphate is fcfrmed : — 

. 2Na?:i + 2S(3, = Na.SO. + SO, + CI,. 

If a solution of sodium chloride is saturated with hydrogen 
sulphide, sodium sulphide up to 15 per cent, is formed, and 
by passing steam and hydrogen sulphide over salt the decom- 
position can be carried even further. 

When lead oxide is added to fused .salt, caustic .soda and 
lead chloride are formed. When fused salt is strongly heated 
with lead, metallic .sodium and lead chloride arc .said to be 
produced. 

Ooourrence of Sodium Chloride in Nature.- 

Sc^lium chloride i*s found in nature more widely distributed 
aiW^ ij larger quantity tlian any other .soluble .salt of the alkali 
metals. « It is the chief solid constituent present in sea-water, 
in the water 4>f iialt lakes, natural brine, and in rock-.salf. 
It occurs also as a deposit on .salt deserts and in salt clay. 
The detailed de.scription of the manufacture of .salt from 
these soiv^cs is outside the .scope *of this volume, but a few 
notes ma}' be of u.sc. Analyses are also given in order to show 
the naturl of crude .salt which may be met with in practice. 

In sca<vaier .sodium chloride forms alx)ut four-fifths of the 
^ solid con.stitucnt.s. Its absolute quantity in the open ocean 
varies between 28 and 36 g. per litre, usually 33 g. ; in the 
Baltic wc find only 4-8, in the Black Sea 15-9 g.* In many 
' W.^raubc, 1913,^, 2513. 

A very detailed desciiptLon*of the occurrence and manufacture of 
technical sodium chloride, from the pen of Ochsenius and Furer, is fovnd in 
the fourth German edition of Muspratt's Chemistry^ by Prof. Bunte, vol. vi., 
pp. 431-840 (of 1898). This is referredito in the text as “ M«»p»it- Bunte.” 



suuiUM II 

Dlaces hi warm climates salt is recovered from sea-water, by * 
spontaneous evaporation ir^ the air, especially in France, 
Italy, Spain, ^Austria (in th*; Adriatic), South Russia (Crimea), 
md other localities. ^ ^ • 

The manufacture of salt from sea-water is, in theory,^ vejy 
simple affair, but it is made difficul^t by thewery large quantitjes 
water that have to be treated, the ^lormous area necessary 
for. such large ucale solar Ivaporations, and the difficulty of 
keeping the crystallised salt frep from the motlier-liquor salts. 
1 q exceptional cases these are also taSen into the cycle of 
operations, and magnesium sulphate, Glauber’s .salt, potassium 
chloride, magnesium chloride, etc., arc made from them. The 
industry of snaking salt from sea-water is minutely de.scribcd 
in the French edition of this book^ and in Lunge’s paper on 
the saltworks at Giraud-cn-Camarguc“ ; also in Muspratt-Buntc, 
vi., pp. 594 e/ seq. The following arc analyses of a number of 
samples of sea-salt : — 


Analyses of Sca-sait (from Mu.spratt-IUintc, vi., p. 605). 


No * 

XaCI i 

1 


MgCl., 

Cast >4. 

NttH04 

IllHOlubl*’. 


1 

95-91 


0.46 

0-49 

0*40 

0*16 

2-58 

2 

9^'' 3 5 


0.50 

0*45 

•0.51 

0-07 ^ 

2.12 

3 ‘ 

95*19 , 

I.O9 

... 

0.59 i 



\ 2-45 

4 ! 

89. 1 9 1 

6.20 


0.81 


0.20 


^ t 

8009 

7*27 

... 

i - S 7 


0.20 • 

8^0 

tj 

91.14 

3*54 

0-70 

0*33 


• 

4*20 

7 

93*17 

3*50 

MO 

1*50 


, O.ftO 


8 ' 

9S.80 ; 

0-50 

0-50 

O-IO 


0*10 

... 

9 i 

93^5 1 

1*75 

2-80 

1.50 


0-40 


10 j 

90.50 ! 

0.23 

0.32 

0-88 


0*10 

1.95 

1 1 1 

95.86 , 

•o-35 

of 4 

1-30 


0.15 

2'10 

12 i 

92. 4O i 


0-55 

2.28 

• ' 

0-^ 

3*10 

»3 ; 

S ^>*42 1 

0.42 

0-20 

1*95 


KXD 

... 

H i 

97-20 

0-50 

0-40 

1*20 


o. 7 | 
o-ia 4 

... 

IS * 

95*11 

1 * 30 ^ 

0-23 

0.90 


2*35 

16 

» 7*97 

f , ' 

0.50 

1.38 

1.65 


0-80 

7.50 


I, .Salt from S. Felice, near Venice (.SchriHler & Pohl) ; 2, from Trajjani, Sicily* 
(the same) ; 3, from St Ubes, Portugal, \a quality ( Berth i er) ; 4, ditto, lla quality ^ 
5, ditto, III<f quality ; 6, from Figueraa, Portugal (Berthier) ; 7, from Lymington 
(Henry) ; ditto, “cat-salt"; 9, Scotch sea-salt (Henry )^lo to 12, from St Ubes 
(Karsten); 13 and 14, from Oleron and Ma|pnne8,tharente-Inf«^ricurc ; f 5, ordinary 
salt from Languedoc and Bretagne ; 16, grey salt from Bretagne. 

* Lungcct Naville, Traiti de la fabrication de la Soude^ vol. ii., pp. 27 * 46 « 

* ChM^nd,t 1883, p. 325. * 
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.The following analyses were made by Naville of the"average 
pFoducts obtainc^ in actual work at *the SaKns du Midi, from 
the Etang de Berre : ^ 


1 

« 

First quality. 
(Kitrlu'ii salt.) 

H(>ooii(l quality. 
(Mauu&cturiiig 
salt.) 

1 Third quality. 

(For cUriiig flah.) 





CaSO, . 

4 

MIS 

^ 0-621 

0-440 

MgSO^ ■ 

0-221 

0.506 

0-6I2 ‘ 

KCl 


tr.ices 

0-122 

MrCI, . 

01100 

0-377 

1-300 

Insoluble . 

0-050 

0-030 

0-050 , 

Water . . 

* 1-400 « 

4-201 

5*758 

NaCl . ? 

97-100 

94-212 

91.217 


99-986 

99-947 

* ,99.499 


Rock-salt occurs in all geological formations, most abundantly 
in the Permian, Trias, Jura, and Chalk. The best-known occur- 
rences arc:— in the Permian, the great Stassfurt bed; in the 
Upper New Red Sandstone, many German and most English 
brine-springs; in the Muschelkalk, most of the South German 
and Austrian beds (Friedrichshall, Schwabischhall, Salzkam- 
mergut, Herchtesgaden, Rcichenhall) ; in the Kcuper, the 
Lorrain^ beds (Dicu»c, Vic, Nancy); in the Nummulite Lime- 
stc^i^flio salt mountaift at Cardona, in Spain, 300 feet high, 
anef Tfie*Asia Minor beds; the Tertiary formation yields the 
large bedsjn the ^'arpathians (Wicliczka), in Hungary (Mar* 
maros), and in the Russian plain. An enormous salt bed was 
discovered in Utah in 1907. • 

The table on p. 13, from Mu.spratl.-Bunte, vf., p. 437, gives the 
composition of samples of rock-.salt from various^ localities. 
The tabl(y on p. 14 contain .some further analyses. 

Sufpe-salt, as efflorescences on the gA)und of steppes and 
deserts, is found in the Soudan, <n Central Asia (Thibet), near 

* the Caspian Sea, the 4 eposits being merely of local importance. 

* Salt lakes exist in rather large numbers ; their v^ater, apart 
from sodium chlo^de, always contains many other salU, especi- 
ally caltflum and magnesium ^chlorides, sulphates, etc. Among 
the best known are the treat Salt Lake in Utah (with 97^ per 
cent. NaCl), the Titicaca Lake, 18,800 feet above the sea-level, 

' Lun>re et Navil]e,\oL ii., p. 46. 
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• the Dead Sea (with 10-36 per cent. NaCi), and some of the bays 
of. the Caspian. Some analyses of tl\e water*, of salt lakes are 
found in Muspraft-Bunte, vi., p. *453. 


FuHher Analyses of Rock-salt. , 


« 


Krarici'. 

t 


Algeria. 

Spain. 


*”araiiKi-- 

viHf 

Vic, 

ItHlf-Krcy 

_ - 

Vic, 

.. grey 

Uled. 

kebbad. 

Kobbali. 

Cardona. 



•1 





NaCl . 

93-84 ' 

97 -fio 

90-30 

95-84 

72-16 

97-87' 

Mfic;:., . . 

• o-oq 



0-53 

5-57 

0-14 

CaCl.. . 

005 


5*00 

0.90 

1-65 

0-14 

MgSOj 



... 


^•06 

CaSO* . 

K.jSU* . 

3-07 

0-30 

2-00 


10- 70 

o-k 

CaCO,. 



i 

... 

3-71 


MgCO, . 





2-89 


Clay . . 

SiO,. . 


1-90 


0-33 



Insolulilc 
Water . . 

^•74 

0*20 


i 

1 0-70 

2-40 

1-74 

0.85 

0-12 


Analyses of Stassfurt Rock-salt (from Pfeiffer, Kali-Industrie, 
1887, p. 27). 


IT* 


N.tCl* 

MjiC'l, 

N.i.,S()^ 
M‘i:S< ) . 
11., O . 


1 


8. 

4 . 

97-55 

i 91-13 

99-522 

98-020 


0-97 


0-138 

0-43 

1 


• ... 


1 - 42 . 

1 0-69^ 

0-120, 

0-305 

0-23 

0-185 

0-237 

• 1-49 

i 5-44 

0-007 

0-888 

0-30 

i 0-35 

1 i 

0-086 

0-1^12 


1, Pure U.insii.ircjit (Rammelslicrg) ; 2 , opaque sail from underneath a "year- 
ring" (Pfeiffer); j, from the upjKr beds, flicked, granular (Precht)*; 4, the sanic, 
•medium quality (Precht). 


An interesting lake is that at Arzew (province* of Oran), 
which d|ies up in sumn^r. It has a surface of 8625 acres, and 
is said to contain 2} mitlion fons of salt ; it is worked for this 
by the Soci^t^ Mal^tra at Rouen. * 

From the salt lakes in the Astjachan district 10(^3^ tons of 
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alt are obtained per annum, containing from 87 to 99 per cent 
'^aCl, o to 9 per c«nt. Na^O^,^o to 17 per ceijf. CaSO*, o to 2^ 
Kir cent MgQ^, <>5 to 4 pei; cent. HgO, and 0 to 2 5 per cent, 
nsoluble. 

The manufacture of common sail jrom ortne [^pan-salt)^^ ai^, 
mportant industry. Details will be found ^in a description of 
jthc English methods of manufacturing gommon salt by T. W. 
Stuajrt.^ In America and om the European continent more 
Complicated methods, such as st<;am-hcated and bven vacuum 
pans, are frequently used. Very import^t improvements in 
^he processes of manufacturing common salt from brine are 
claimed in the United States patents of Herman *Frasch, Nos. 
B74906 and 8^4907, of 1907. 

Apart from natural brine-.springs, salt-wells arc artificially 
produced by bringing the sub.soil-watcr or a weak brine into 
Ontact with subterranean rock-salt or salt-clay, and pumping up 
ihe strong brine thus formed, in order to boil it down. This is 
more particularly done in C'hcshirc, where the greatest salt- 
making industry of the world is carried on, and where most 
bf the rock-salt is too much contaminated with ferric oxide to be 
used without purification. Moreover, the coal required for 
boiling down is very cheap in that locality. 

Composition of Natural Salt. 

In Muspratt-Buntc, vi., pp. 623-26, a numbet oKablfts is given, 
showing the; composition of the various de.scriptions of .salt 
made from brine in Germa^i)^ ; also of the impure by-products 
obtained in that industry and of the ipother-liqilWs. The 
table on pT 16 shows the composition of some kinds of .salt 
produced in England^ America, and Belgium. ' • 

The suitability of various forms of .salt (rock-salt and pan-salt) 
for the manufacture of saltcake will be triated in Chapter IV. 

Brine as such is used in enormous quantities in the manu- 
facture of Soda by the ammonia process, and for the manu- 
facture of caustic soda by the electrolytic process, and ^ill be 
treated in the volumes dealing witif thestf industries. 

‘ /. Soc. Chem. Jnd,^ 1888, p. 660. 



Analyses of Common Salt. 
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^Preparation of Pure Salt 

A good dial of stir \va» made by the “Tec'’ process, for 
which Tec and Pcrkcs obtained the Ger. f. 17 17 14, ‘and Tee 
alone the B. IMi6i i, of 1905, the Gcr. P. 206569, and the Vr. P# 
364731. Pure salt was to be obtained front rock-salt by fusii^g 
the latter and treating it with a mixtuic of .steam, air, carbon 
dio.xidc and monoKide, some %olid fuel being also^ added. The 
fused salt w as run off, together witti the scoria formed. Accord- 
ing to Chem, Trade /, vol. xliii., p 562 (19th December 1908), 
“The International Salt Company “Vas founded. for the pur- 
pose of carrying out the invention, the advantages of which are 
* somewhat .sewk.'rely criticised in the .same number, p. 559. 

The New' Salt Syndicate, Limited, obtained a B. P., No. 

1 21 10, of 1907, on mechanical contrivances for stirring liquid 
.salt in the process of purification (Gcr. P. 204444). 

Lawton (B. P. 3866, of 1900) prepares pure salt by volatilis- 
ing common .salt on a hearth heated by ga.seous fuel, and 
condensing the vapours in a cooled chamber. 

Tayltjr* contends that absolutely pure salt cannot possibly 
be obtained on anything like a commercial scale, since it must 
alw'ays take up impurities from the vessels, whether metallic 
or earthenware, but comparatively le.ss t^ian in other cai^w^rom 
“ specially enamelled ’’ cast-iron. • 

Sodium chloride as a by-product is obtained in various in- 
dustries, alwa}’s more or less contaminated wi^h knpUVities, and 
is locally employed for making saltcakc, but is frequently not 
very suitable for ^is purpe^e. This is, for instance, the case 
with kelp-salt— is, the salt obtained ^as a by-p#«duct in 
working Scottish kelp for potassium salts and iodine. It 
contains about 90 per jent. NaCl, with about 8 per cent KtCOg 
and NajCOg. The latter salt^ ^ive it a certain value for pur- 
poses where the alkaline carbonates are employed as such — 
for instance, for reducing high-strength Soda-ash to a lower 
strength ; but in the manufacture of saltcake they arc less 
valuable than NaCl, as they yield no I;JC 1 . ^ , 

The saltpetre-salt^ which is obtained when converting sodium 
nitrate by potassium chloride into potassium nitrate, contains 
j^/. Amer. Cfum. Soc.^ 1908, xxx., 1631. 


B 
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* about 0- 5 per cent, alkaline nitrates, aftd is not very suitable for 
leaking saltcake, as part of the HCl is^destroy^ed, with formation 
of free chlorine, and the iron pan^ are very much acted upon. 

• 

^ • Denaturation of Common Sal^.* 

• In those countries whese common srjt is subject to a high 
duty or to a State moilopoly, the manufacture of saltcake would 
be simply injpossible, if a way (?ut of this •difficulty wa^ not 
found in “ denaturayon.” In Great Britain, where previous 
to 1828 a high duty was laid upon salt and the denaturatjng 
process was, unknown, tlie saltcake and soda manufacture, 
invented forty years before, could not be carried out at all. 
According to Mactear,^ the price of salt in Scotlai^fJ in 1798 was 
about £}, lOs. per ton, to which was added for duty; and 
in the same year the duty was raised by 13, so that the price 
of salt rose to ^*19, lOs. per ton. In 1805 the duty in Scotland 
was £12, in England £^o per ton ! In 1829, after the duty had 
been abolished, the price of salt in Scotland fell to £1, 2s. 
per ton, and this immediately called into existence the great 
alkali industry. Later on the price of salt in Scotland and 
on the Tyne sank to about 15s., in Lancashire to about 
6s. per ton, and in ^Cheshire, in the shape of brine pumped 
over^found, inclusive*of royalty, the price of salt is only 6d. 
pS'^oi*. 

In Germany tljp duty on .salt is still in existence, and would 
be much \oo Hugh to permit of decomposing the salt for salt- 
cake, but the duty is avoided by “denaturating ^ic salt under 
official supervision. The substances mixed with salt for this 
purpos^re very different. Fischer's jahresber., 1886, p. 277, 
enumer^cs 4 to 1 5 per cent, .soda-ash ; 1 2 pei* cent, soda 
crystals; 2 per cent, sulphuric acid i48"^Tw. ; 2 per cent, strong 
hydrochloric acid ; 10 per cent. bicarlx)natc of soda ; liquor 
ammonkT; a solution of aniline colours; 5 to 16*66 per cent. 
Glauber’s salt. Evfdently for salt intended for the saltcake 
manufacture the best denaturants arc sulphuric atid, sulphate 
of soda, and nffre-cal^. Of course it must be analysed and 
a certain proportion* of shlphuric acid, corresponding to the 

• 

* Rtp(»rtm the Alkali and BUachinf^ Powder hfanufasture of the Glasgow 
DisirkL d . a. 
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hfrec add” in the nitre-cake, must be deducted from .the* 
charge in the saltcake# pan. Nitre-cake ^ught not to *be 

mixed with {he salt in pieces, but in the crushed state (sec 
later on). • 

In large w©|ks it pays better to have llic dccomposifton 
salt checked by a regular staH* of l^xcise •officers rather thiin 
incur the expense of denaturing. • 


Stati^^os. 

, The following figures referring to the jjroduction of salt in 
Great llritain in former years will sttll pre.sent some interest 


^ rroductiou of Salt in Great Hritaiu. 





(•••r )i'«r 

1800 to T.H(5l) 

1 KtIK 

20;, OCX) 

1H07 lSi5 

2;o,CX)0 

l8l(> ,, 

257,000 

1824 1S40 

410.000 

1841 „ tH()0 

8 Ho, 000 

18O1 „ 1870 

1.540,000 

1871 „ 1S80 

2 , 020,000 

1S81 ; 

2,558,568 

1XS2 

2,645 ,cxx) 

188,; 

2,298,220 

1884 

-(33-i7®4 

1S85 

2,207,685 

i88(. 

2,142,220 

1887 


188X 

■?.3o5.5^>6 

l88ij 

1,046,196 

1 8<)o • 

2,146,^49 


Kilty 

I’nci' 

JHT lull. 

jH'r tun 

ShiJlin^tH 

SIlllllligM. 

fXX'J 

640 

t)00 

640 

t»oo 

640 

• 

• 

20 

16 

i «4 

12 

::: 


... • 


... 0 

• 


f 
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The following statements on the production of .salt*in the 
whole world since the year 4890 have been compiled from 
the various volumes of The Mineral Industry, edited by Roth- 
well and later on by Ingalls. The unit employed there is the 
metric top=o-9842 English long tons=M02j American short 
tons. We have abridged this to kiIo.tt)ns, representing 984-2 
Englwh or 1102-3 American short* tons *cach. The figures for 
the united States for the years 1906 and 1907 are calculated 
from the q/feial reports of the JJS. Geological Suiwey 
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In 1^8 the quantity of salt produced in the United Slates’ 
was 28,822,062 barrels 28 q pounds, valuediat 87,553,632 in 
1907 the production reported was 2^,704,128 barrels, valued 
at 87,608,323. Expressed on^a tonnat^ l^sis, thcse*qu^ntitie£ 
represent an butput of 4,158,578 short tons in 1907 and 
4,035,089 short tons^in 1908. In. 1907 th*c average net vaiuc 
was 25-614 cents per barrel, or 8i*83aper short ton; and ir 
1908, 26-208 cents per barr<?l, or 81-87 per .short ton. 

The following table shows the quantity and value of sail 
reported as produced in the United States from 1900 tc 
1908:— 




Vdluo. 

190,-. 

1^2 . 

20,566,661 

$6,617,449 

23,849,231 

5,668,636 

1903- 

18,968,089 

5,286,988 

1904. 

22,030,002 

6,02 r, 222 

1905. 

25,966, f 22 

6,095,922 

i9cy>. 

28,172,380 

6,658,350 

1907 . 

29,704,128 

7 /«og, 5 i 3 

1908 . 

28,822,0^)2 

7.553.63J 


Salt ooneumed for the Manufacture of Saltoake and Soda. 

• 

The statements concerning the quaiUitics of salt conyf^ted in 
Great Britain and Ireland for the manufacture of salkake^nd 
soda, up to the year 1877, rest on somewj^at uncertafn data; 
from that year we have the annual Repdrt.s* of The Alkali 
Makers’ A.ssociation. The following table is taken from E. K. 
Mu.spratt’s paper, in the J^Soc. them. Ind., 1886, p. 412, up to 
the year 1884; from 1885 to 1896 we , have comjffled from 
the official reports of the inspectors under the Alkali Act. The 
brine consumed in manufacture of ammonia soda m taken 
into account, assuming 1 46 tqjis of salt consumed for each ton 
of ammonia soda manufactured. The salt consumed in the wet • 
copper-extraction process is not reckoned from 1885 onwards.* 
From 189;^ onwards ihe.se statistics are not found in the official 
reports. 


’ U.S. GeoL Survey^ 1909 , 
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(’uttHumed 

ConBumed fur 

— J 

•Ymr, 

Haltcakn 

for 

#Wet Copix^. 

Total. 

Leblanc Hodn 

Amtnoiila aoda" 

• 

extractK.ii. 



• Tons ^ 

• 

• ■ 

* Tons. , 

Tons. 

Tons. 

tk 185/ 



• 

137.547 

l 8 f )0 




250,000 

^1861 

* 



235.360 

*1862 


• 


254.600 

1866 




351,000 

1869 



• 

306,905* 

1871 

1874 


***• 


352.350 

459.756 

1876 



16,549 

538,600 , 

1877 

552.570 • 

• 9,082 

578,201 

1878 

y 35 .J 54 

16,250 

17.158 

568,542 

1879 

575.447 

22,669 

17.17I 

615,287 

1880 

1 ^h8,587 

27,4 1^> 

24.013 

1 700,016 

1881 

620,064 

29.783 

25.252 

iN 675.099 

1882 

.598.833 

56.914 

24,188 

I 679,935 

1883 

<>02,921 

77.015 

25.796 

705.732 

1884 

578,874 

89.759 

21,S<>y 

690,502 1 

1885 

59 K, 09 <) 

115,032 


713.128 

1886 

1 584.323 

1 137.220 


721,543 

1887 

577.381 

158.636 

... 

736,017 

1888 

t 590,312 

212,181 


802,493 

1889 

1 584,203 

1 219,279 


803,482 

1890 

, 602,769 

j 252,26>0 


855.029 

1891 

j 5 <'j 7.863 

1 278,528 


846,391 

1892 

i 519.593 

1 304.897 

1 

824,490 

1893 

1 4 f' 7 , 5 f >2 

1 349.609 

1 

817.171 

1894 

434.298 

’ 361,603 

j 

795.901 

1895 

' 408,173 • 

428,614 

1 

836,787 

i89j^ 

360,929 

, • 431.577 

i 

792,506 
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II. SuLPiiATK OF Soda. 

Norijj^l .sodium .sulphate, is one of the principal 

products of the alkAli industry ; it is also found ia nature in 
large quantities. As a technical product it is, in the anhydrous 
state, generally st>'led “ saltcakc,” and in ^he decahydrated state 
"Glauber’s salt.” • 

Before the ammouia .soda and electrolytic processe.s entered 
so much into competition with the Leblanc process, the manu- 
facture of saltcaW; was much more important than at present 
Nowadays, natural sulphate, and Glauber’s salt obtained as a 
by-product in various ca.ses also compete with the ipanu- 
factured saltcake. Nevertheless this manufacture Is still a 
most important branch of industry, both for Ltfelanc soda 
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and for* glass-making ; and a large quantity of saltcake. is 
also manufactured to obtain ^hydrochloric ac^ as a principal 
product. • 

Historical Sodium^sulphateVvas first described by 

Glauber, in hisVeatise De Natura Salium (1658). He mtde iW 
from the residue remaining after th^ prcparsttion of hydrochloric 
acid from common salt and sulphuric acid, and gave it the name 
sal mirabile, strongly recom minding it for internal and external 
use; later on it was called, after* himself, mirnbile Glauberi. 
Kynkel, however, in his Laboratorium Chjmicum (1716), asserts 
that Glauber’s salt had been kno\^ as jfn arcanum to the 
Electoral house of Saxony a century before Glauber. On a 
large scale i^was first produced from salt-brine at Friedrichshall 
in Hildburghausen, and has been known since 1767 as sal aperi- 
tivuin Fridericianum or Friedrichssalz, At that time it was 
obtained by freezing-out on cold winter-nights (see below). 

Anhydrous sodium sulphate^ Na2S04 (Na= 32-38 per cent; 
504 = 67-62 per cent). This salt, which is found in nature as 
the mineral Thenardite, is obtained in the pure state by 
dehydrating crystallised Glauber’s salt, or by cry.stallising from 
solutions above 33®, or from strongly alkaline solutions at the 
ordinary temperature. The “ .saltcake ” of commerce is impure 
sodium sulphate. It crystalli.ses in the jhSmbic system ^^ith an 
octahedral habit ; its density is 2-655 (at the fusing-poin^ i^4)- 

Melting-point is variously given as follows : — # 

Carnelley ( 1 878) = 86 1 ^ ± 3° ; Meyer, Riddl(?; add Lamb ( 1 893) 

= 863-2°; Le Chatelicr (i887) = 867°; M‘Crae (i895) = 88i.5", 
885-2°; Heycock* and Neville (i895) = 883-2“ ; Ramsay and 
Eumorfopulos (1896) = 884°; Ruft and Plato (1903) =?8o°. At 
a white heat it volatili.ses, and boils at “ about the temperature 
of melting iron.” Tkis indicates that the boiling-pohit lies 
between 1000° and 1600°, and# there appears to be no more 
definite information available at pre.scnt than this vague state- • 
ment The residue from the incomplete evaporation of sodium ♦ 
sulphate J^as an alkaline reaction. ^ 

Specific heat of sodium sulphate given by SchiMler as 
0229^ (28° to 57°), and of fused soJium Sulphate (17“ to 98*) by 
Regnault as 0 :^312. 

* * ' C/. Kopp, GtxkkMe der Chtmie^ iv., p. 40.' 
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. Density of anhydrous sodium sulphate at 15'’ is 2*673. f'o*' 

the melted salt, Jjrunner gives : , ► 

di = 2^065 - 0.0004*3 {/“ - 900°). 

* • _ 

^ Modifications of Sodium Suifitiate. — According to Coppet,^ two 

modifications of sgdium sulphate exist : — a, formed by the 
efflorescence of the hy^ratccl salt at ordinary temperature, and 
formed by heating above 33"*, Only thq a modificatipn is 
capable of caesing crystallisation of a supersaturated solution. 

Pickering*'^ also gives evidence of the existence of two 
modification.s. Ha states ^hat the heat of .solution of the salt, 
dehydrated *at 150' or obtained anhydrous by boiling the 
aqueous solution, is 57 calories; that of the salt ignited at a^ 
red heat, 760 calories ; and that of the fu.sed .salt, 857 calories. 
After keeping for three months, the heat of solution of fused 
salt was found to have fallen to 438 calories. 

Thomsen gives the heat of solution of fused sodium sulphate 
(in 403 mols. of water) as 460 calories ; that of the anhydrous 
effloresced salt as 170 calories (that of the decahydratc is 
negative). 

Heat of Formation. — The heat of formatioTi at 15" from the 
elements is 327 ,ocxd calories. The heat of neutralisation of 1 
mol. ^ sulphuric aoid by 2 mols. of .sodium hydroxide, each 
di^gdlved in 4 litres of water, is 317,000 calories at 15". 

•fh^ heat of formation in solution of NaHSO^ from i mol. 
of HjjSO^^nd^i mbl. of NaOH is 14,600 calories. 

Hydrates of Sodii|m Sulphate. 

The existence of the monohydrated sodium sulphate which is 
said to separate at 30*" when a saturated solution is warmed, is 
very dbubtful. • 

A dihydrated sodium sulphate has been described by Thomsen, 
but the existence of Jhis hydrate is extremely doubtful. 

Heptahydrated sodium sulphate often separates on cooling a 
solution which Jjas been saturated at temperatures ^bove 33®. 
It is Unstable over tlfb whole range of its existence, and the 
crystals in the air rapidly become dull through conversion into 
a mixture of anhydrous salt and the decahydratc. 

» Comptes rend., 87 , 194 . • « / Chem, Soc., 1 ^ 84 , 686 . 
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For a recent investigation of this change, see D. Gerney.^ • 
Sodium sulphdte decahydr%tt\ NaoS04, loMgO, or GlauheFs 
salt, is an important article of commence. It separates from 
solutions below 33° or on evatpration of solutions at* ordinary 
temperatures. ’»The transition temperature of pure Na^SO^j 
loHgO is, according ^o E. von Biron and S. P. Malschevskj{,‘'' 
32-45''. The same investigators show tifc changes produced in 
the transition temperature anfl in the solubility b]^ the presence 
in various amounts of sodium chloride, sodium bromide, sodium 



iodide, .suflium chromate, dextrose, and alcohol. Solubility 
determinations at the^transition temperature gave results for 
the pure salt averaging 49- 5^ g. of anhydrous Na2S04 per 
100 g. of water. 

C. Leenhart and A. Bontarie^ give the latent heat of fusion 
of the dec^ydrate at 31-3® = 56 9 which gives K = 32-5 in 
van t* Hour’s formula, agreeing well with t^e experimental 
figure. 

’ Comptes rend, 1909, 140 , 77. 

* /. Russ. Phys, Chem. Soc., 1908, 40 , 1619. 

^ J.V.S. Abs.,\m, P*669- 




26 


MATERiXlS and PJIODUCTS 


«. Jo's “'57"' »' >odi.«.,ph„. 

Solubiltfy of So(iiuvi Sulphate in Water 
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49-6 I 

49-4 
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44# 
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42-2 
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42-0 
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42.7 
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Loewel. 


Richards and Wells, 
Interpolated from Gay-Lussac’s 
results. 
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Hlden and Shenstone. 
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Kie solubility of the anhydrous salt diminishes with increasiug 
Icmperature. Th^ heptahydr^e is unstable atiall temperatures 
put its solubility has been maasured by Locvvel. 

S' • * ' * 

Specific Gravity*^ the Solutions of Sulphate of Soda at different € 
Degrees of Concentration 15® C, accorcHnj^ to Gerlach. 


Per opnt. 

NagSO^. 

• lOUjjOf 

r«r cf*nt. 

1 X»2S04, lOllgO. 







* I 

1-0091 

1-004 

I 16 

• 

1064 

2 

1-0182 

1-008 



1-069 

3 

1-0274 

1-013 

18 


• 1-073 

4 

1-0365 

1-016 

* 19 


1*077 

5 

1-0457 

1*020 

1 20 


1-082 


i#55o 

1*024 

21 


1-086 

7 

1-0644 

1-028 

1 22 


1-090 

« 1 

1-0737 

1-032 

23 


1094 


1-0832 

1*036 

24 


1098 

1 j 

1-0927 

1-040 

1. 25 , 


1-103 

11 

M025 ; 

1-044 

26 


M07 

' 1 

1 

1-047 

27 1 


1-111 

13 1 


1*052 

28 


1-116 

14 ! 


1-056 

29 1 

i 

1-120 

15 


1-060 

30 j 


1-125 


At ig\ according to Schiff ^ : — 


j Hjx-c. grav. 

IVr 

Na.j8C)4, lOHat). 

IVr coiit. 
NagBOj. 

, Kjkhj. grav. 

* IVr 

lOUaO. 

JVr (•tt. 

j ^-0040 

I 

0-441 

1-0642 

• 16 

* , 

. TOS* 

1 1-0079 

2 

0-882 

1 1-0683 

77 * 

7'497 

1-OH8 

3 

1-323 

1-0725 

18 

7 •938 

1 1-0158 

• 4 

1*764 

1-0766 

19 

8-379 

j 1-0198 

5 • 

2-205t 

! 1-0807 

20 

8.820 

1-0238 

6 

2-640 

1-0849 

21 

«k>9.26i 

; 1-0278 : 

• 7 

3-087 

1-0890 

22 

9-701 

j 1-0318 

8 

3-528 

1 10931 

23 

10.143 

1 1-0358 

9 

_ 3-969 

1-0973 

24 

! 10^84 

1-0398 ; 

10 

•4-410 

I-IOI5 

25 

11025 

1 10439 

1 ( 

4.851 

. 11057 

26 

11.466 

j 10479 ! 

12 

5.292 

I-llOO 

27 

11.907 

1 1-0520 

13 i 

' 5-733 

1-II42 

28 

12.348 

f 10560 1 


6-174 

1-1184 

29 j 

12-789 

! i-o^i • 

1 

• 15 

6.615 

11226 

30 

13-230 

L_ i 

• 
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Sodium sulphate is not appreciably solutle m absolute alcohol 
at ordinary temperatures, a little more so in alcohol acidulated 

^ * Ann. Chem. Pka^.^ cx., p. 70. 
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• 

with sulphuric acid. Therefore alcohol precipitates sodium 
sulphate from i^cold saturated golurton. Irt dilute alcohol it is 
more soluble; the saturated s(j 4 ution, according to Schiflf/ 
contain‘d at 1 5 C. , 


Al<’ohol of • 

IVr PMit. j 

Per O'tit. of 

Hp«-c. Krav. 

• by 

• Na-^SO^+lOH./l. 




1 

y *000 (water) 

0 

0 

• 25*6 

0*976 

• 10 

14-35 

0.972 ^ 

20 

5-6 

0*939 

40 

1-3 

• 

• 

' 


It is soluble in glycerine, less so in strong acetic acid, soluble 
in hydrochloric acid with strong evolution of heat. In some 
saline solutions it is more easily soluble than in pure water — for 
instance, in solutions of potassium sulphate, magnesium sulphate, 
potassium chloride, and potassium nitrate. The increased solu- 
bility in these cases is due probably to the formation of complex 
salts. On pounding together sal-ammoniac and Glauber’s salt, 
the dry mixture becomes damp, the temperature being lowered 
at the .same time, and a mixture of ammonium sulphate, sodium 
chloride, and water is formed, of which the la.st previously existed 
in the^cry.stals. 

Ohemical Reactions of So<Uum Sulphate. 

A current ot hydrochloric acid gas at a red heat converts 
sodium sulphate entirely into .sodium chloride, Sulphuric acid 
beings .set free; we .shall discu.^s this m?)re in detail when 
describing the properties of^ hydrochloric acid. Jhis process 
takes place in progrcs.'^ivc stages.- When sodium sulphate 
is ignited with calcium carbonate th^re is no decomposition 
(Scheurer-Kestner and Kolby, which is of importance for the 
theory of the soda;proccss. A mixture of NagSO^ with Al^Oj < 
is not changed even on prolonged heating to r^ness, but in 
the presence water and coal, sodium aluminata is formed. 
Fused with silica and cpal, it yields silicate of soda; on 
fusion with iron and caustic soda, Fe304 and the sulphates 

‘ Ann, Chim. Pharm,^ cxviii., p. 365. 

* Colson, Comptfj rend.^ cxxiii., p. 1285.^ 

I 
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W iron aiid sodium are formed. Its solution is decompose^ 
pry incompletely by mill^of-lime into calciuy sulphate and 
jaustic soda; but, according tpVcssi(l* du Motay/ at a pressure 
»f 2 to 20 atmos. 75 to 8o per cent, of Ae sodium sulphate is 
^usticised by lin^e. * » 

When an intimate mixture of NroSO^ ami animal charcoal 
s heated in an iron pip^,^ no interaction tfkcs place below 950'T 
)ut aj this temperature the reduction is rapid and uniform, 
especially if carbon is used in the; proportion required by the 
equation : 

Na,SO,4-4C-Na,S^4CO. 

►Vith this mixture, 70 per cent, of the sulphate is decomposed 
n twenty miifhtes. With increase of temperature, the rate of 
caction increases rapidly. 

J. W. Cobb’^ found that in dry air sodium sulphate com- 
ncnccd to decompose, as evidenced by the evolution of sulphur 
ISLScs at 1200" to 1220'' and dissociated more rapidly at 
1330" to I 35 o^ 

In dry hydrogen decomposition, as shown by evolution of 
iulphurettcd hydrogen, commenced at 530' to 540'’, increasing 
steadily with the rise in temperature to fairly free decomposition 
it 900”. No decomposition could be couiited as due to silica 
)r alumina if the atmosphere was reduefng. * * 


Aoid Sodium Sulphates. 

1. Trtsodimn hydrogen disulphate, Na3lI(S04).j, described by 

Thomsen and Mit^herlich oil very flimsy evidence, h^ been 
solated anij its existence definitely proved by Butler and 
DunniclifT.* * 

2. Acid sodium sulphate or sodium bisulphate, NaHSt)4, is 
readily formed by heating common salt with two equivalents 
r>f sulphuric acid. From a hot .solution it, crystal I i.sc.s as the 
inhydrous .sajt and from a cold solution as the monohydratc. 

{a) ThG» anhydrous crystals are transparenW long, quadri- 

* Ber., V., p. 741. 

* A. Colson, Comptes rend., 1909, 140 , 1076. 

® Jt Soc. Chem, Jnd., 1910, 89 , 72 and 399. . 

Trans. Chem. Soc., ^920, 117 , 649. 
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lateral prisms with oblique end faces/ They remain brilliant on 
drying, but th(^ surface becomes d^ll on exposure to the air 
although the crystals do not delj^ucsce. Sp.gr. i*8; melting- 
point 149". Heated ^bove the melting-point, the salt dccom- 
pos<^, yielding th? pyrosulpha1;c : 

2NaHSD,-Na..S.,()- + H..O. 

Water decomposes tht salt partly into the normal sulphate and 
free acid. I;or the action of aifhydrous alcf)hol on the salt, see 
Butler and Dunn id iff.' • 

(/f) The mono/iy!initt\ NallSO,, 1 1^0, forms large transpa»*ent 
cry.stals of Uic monoclinic* .system. 

3. Monosoditn)i Trihydroyen Disulphate . — For information as 
to the existence of this and other acid .sodhm sulphates, 
reference may be made to Kendall and Landon.- 

4, Sodium pyrosulphatc, 

SO, - ONa 
Na,S,07- O 

SO, -ONa 

remains behind on heating sodium chloride with sulphuric 
anhydride : 

jNaCl 4- 4SO3 - Na.,S,07 + S,O^CI..., 

ancFon igniting the acid sulphate {cf. No. 2); it also separates 
aKing^'with the latter from a .solution of sulphate in fuming 
oil of vitriol ; it may also be precipitated from the fuming oil of 
vitriol of trade (in which it occasionally occurs) by means of 
lx)iling nitric acid, aqua regia, chlorine, ether, »r alcohol. It 
probat^lv also occurs in ordinary fufiiaced saltbake. Exposed to 
bright red heat, it splits up into neutral sulphate apd sulphuric 
anhydride, according to the equation NaoS207 = N £4$ 04+803 ; 
this is the cau.se, at least partly, of the thick white vapours which 
hot calcined saltcake emits on being drawn out of the furnace. 

P. Pascal has studied the .system sodium sulphate-sulphuric 
acid-water, at temperatures between —45” and 2i(j° C., defining 
the conditions of existence in contact with solution of the 
folIo<ving solid phases : — Ice, NajS04; Na2S04, loH^O, Na2S04, 

’ Trans. Chem. Sot\y 1920 ^ 117 , 649 . 

* J, Amer. Chem. Soc.^ 1920 , iB, 2131 . 

^ Comptis rtnd.i 1917 , 164 , 628 - 630 . 
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(JaHSO,; NaHSO,, H.O* NaHSO,, NaHSO,,'rf^O,. 1-5 H, 0 , 
uid NaHS04, H2S94- Th(j conditions of existence of the hydrate, 
Na^SO^, yHjO, are less clear^ defined, whilst some evidence 
ivas obtained of the existence of th« compounds ^Na^SO^, 
2NaHS04 and 2NaHS04. From the data afTordci by ^ 

bis diagram, thc'author proceeds to tho disci^ssion of the results 
Df cooling nitre-cake, afid of crj stalliking jolutions of bisulphate 
in water. By pouring fused njifre-cake into water and allowing 
to cool so that crystals of NaHS04, ^^2804 scpjiratc, it would 
be possible to obtain a mother-liquor richer in free acid and 
with a relatively low content of normal sulphate. The acid 
sulphates and pyrosulphate of .sodium have been cfxamined by 
J. D’Ans,* who determined the solubility i.sotherm of the 
system SO3— H20—Na.,S04 at 25°, with the following solid 
phases in contact with the .solution: — NaHS04, NaHj,(S04)2, 
HjO; Na2S04, 4 5 H.,S04 ; NallvS^Oy. D’Ans gives also data 
and triangular diagrams for ternary .sy.stcni SOjj — H^O— 'Na^O 
at 25^ 

The properties and composition of commercial salt-cake will 
be de.scribcd in a later chapter. The nitre-cake of commerce 
is a mixture of normal and acid .sodium sulphate in varying 
proportions, obtained as a by-product in the manufacture of 
nitric acid.* 

Natural Ooourrenoe of Sodium Sulphate. 

* Sodium sulphate is found in nature both in the anhydrous 

state as thenardite and as the decahydrate {mirabilite). It occurs 
in combination wilji calciumi sulphate (as glauberite), as a con- 
stHient of natural .soda, dis.solved in mineral waters, .sti^watcr, 
etc. In s(»me places Glauber’s salt is obtained from thc.se 
sources on an industri|l scale. • 

Thenardite (Na2S04) crystallises rhombically, in pretty large 
pointed pyramids combined into cru.sts ; its surface is rough, its 
taste faintly saline. In the air it becomes dull by absorbing 
water. Its principal occurrence is in the rock-salt beds at 
Espartinaif, near Aranjuez, also in Peru* (TarslJjaca, etc). 

In combination with water, sodium sulj^ate occurs in several 
ipeciea of minerals; with 10 mols. of water as mirabiliii, 

* Z. awrg. 80 , 235. ^ * C/. Nitric Acid volume. 
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mostly only as efflorescences and crifsts on rocks or, old walls, 
blit in larger quantities at Muhlinger^ in the ^argau, in gypsum, 
in the salt beds at Hallstadt ahd Aussee. Other species, con- 
taining jjtiagncsia, are fcussin, loeweite, and bloedite (from Ischl). 

Ici the Ebro valley, cspcciafly near Lodosa^^ome years ago 
large beds of hydrated <iodium sulphate were found, as glassy 
fayers from about 2 fcqt up fo several yards in thickness, between 
beds of clay and g)q)sum. Sirtylar beds have been found at 
Calatayud and Corvora, in Catalonia, near Santander, in Old 
Castile, and other places. These beds arc principally worked 
at Lodosa, Alcanadra, and Andosilla, and also at Calmenai^ de 
Oreja, in th*c province of Madrid. This Spanish sulphate is 
quite free from iron, and is consequently very well adapted for 
glass-making; but most of the English consumers have given 
up its use again, owing to its variable quality. 

An enormous bed of thenardite, containing 97 per cent, 
sodium sulphate, was found at Castellar, near Villarubia de 
Santiago, Toledo, and has been already worked to some extent. 
It forms a layer 33 feet thick over the rock-.salt, and the 
quantity already proved amounts to 2 million ton.s. It con- 
tains .some iron, viz., 0-2 1 per cent. FcgOa+AiPg, but this is 
usable for ordinary glas.s.^ 

Other occurrcnc<»s of more or less hydrated sulphate are : — 
in Kungary, Switzerland, Italy, France (St Rambert), as exan- 
Mf;/<?j(,‘with 20 per cent, water (a volcanic product of Vesuvius), 
in a cavern at K‘iiilua, on the island of Hawaii ; as an efflores- 
cence on the Siberian and Caucasian steppes, on the limestone 
below the falls of the Genesee, and on the Sweetwater River in 
the R(^ky Mountains. ' ^ 

Analysis of Different Minerals of this kifid. 


1 

j Mtrabilit*' ! 

I of HI iUuilKTt. j 

! • 

1 

IVr will. j 

: N. 1 ..O . . . 

20-0 ' 

. ; ; ; 

0-7 1 

26-0 1 

• •• • 

trace j 

j . . ■ 

530 ! 


* /. Soc, Chem. Ind^ 1899, p. 1167. 
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(Heuiis). 


JVrcfiit. 
6604 

3I-3S 

• 0.42 

(iiicludhig sa#l) 


2.19 


f 


|8tr»kMltflfh)in the 

wiouth of the Volet 
((Jobel). 

I ■■■■'- 

IVrcont. ^ 
41*00 

*'75 


0'33 

21.56 


is found in quanUty L -rt 
Villarubia in Spain vTc n ^ 

Havana, of Stassfurt, in the province of Tar°^ Herchtesgaden in 

of it have shown Province of Tarapaca, etc. Analyses 
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Varaiigoviiio 

(I’isaiil). 

VlUarubU 

(liroguiort). 
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\a.,.SOj . . 

CuSo/ . 

ci^y . : 

1 IVr c<'nt, 1 

50-50 ! 

48-78 I 

0-40 j 

1 

I’*T cent# 

51 

49 

• 

k 

IVrccjit. ^ 
48 - 6 ^ . 
51 * 0 ^ • 
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1 (iJayiya). 

Na.p • . 

CaO . 

f'-r cent. 

21*32 

: : •• 
SO3 . . 

20.63 

0.14 


57*22. 
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I. 

II. 

III, 

IV. 

1 


(I 

« 



IVr font. 

' IVr coiit. 

IVr coiit. 

IVr cout. 

N%..SO, . 

97'50 

46.77 

99-78 

97-48 

CaSO, . «. 

2-od 

41-90 



NiL.CO, . 

Ai,o., ; . .- 


0-30 1 

0-/2* 


. . 

n,o . . . * . 1 

• 

1 

o-2‘; • 

5-84 i 



In&olut)lc (SiO.., c‘t< .) . 1 

i • t| 

4-94 


2-19 ^ 

• 

1 



J 


In North America very lar^c quantities of thenarclite,, are 
found, <iear tlic VerSe River, Maricopa County, Arizona. 
Allen and Durham’s analysis ^ shows 43-01 Na.^ 0 ; 56-35 SOSO^; 
012 CaO ; 0-02 M^O ; 009 Cl; 0-38 insoluble.. Cf. later oif 
under “Natural Soda.” 

Very frequently sodium sulphate is found along with 
natural soda (trona) and common salt — for instance, in the 
water of the lakes of the Araxes plain and the .salts crystallising 
out of it, which have been studied especially by Abich.- Both 
on the surface and at the bottom of the lakes such .salts are 
separated almost free from water, in consequence of the mother- 
liquor being saturated with other .salts, e.spccially NaCI. The 
following analyses .show the composition of the.se salts, as well 
as the pink mother-iiquor, containing 30-63 per cent, of mineral 
sjjft, and of that of some alkaline .small pools in the neighbour- 
hood, ^containing ^4-7 per cent, of mineral .salts: — 


1 

1 

Salts at j 

Salts at j 

Mnllnr-lKiUDr ' 

Alkalino 


I Uh- Hurfaco 

Iho Iwllnin. j 

‘ 1 

1 salts : 

I ' 

„I*oolb (dry) 


JVr font 

Tor font 

I ‘ 1 

1 Tor font 

IVr font. 

Na.,SO, . . 

H0.56 

78-44 

i 18-lS j 

^T 5-55 

Na-TO^. 

16-09 

18-42 

1 2-08 j 

68-9 

• NaCl ' . 

1-62 j 

J-92 

• 09-73 

15-5 

11,0 , . 

0-55 

I-18 

• 




In the Russian Caucasus, near Batalpachinsk, 16 miles from ^ 
Barsanky railjk^ay-station, there are two lakes, containing 
solufions of nearl)^ ^urc sodium sulphate. They have no 
outlets, and the*water coming down during the rainy season 
evaporates in summer, so that Glauber’s salt Js formed^ on the 

' fischtr^s Jahresbtr.^ 1882, p. 335^ * J. prakt. Che^.^ xxxviii , p. 4. 
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surface ; the same salt is formed in winter by the cold, m layers 
from i in. to 7 in. thick. ^\fter drying it yieId#sodium sulphate 
of 95 per cent. The inhjfbita .ts of^this district consume 
hundrcd.s of tons of it. Gaulhi^jr calcula 1 ;c.s^thc whole* coijtents 
of the lakes as ^ least 260,000 toiis.^ 

The following information on .this Cauca- ian occurrence' 
of .sodium sulphate was supplied privately to Dr J.angc. The 
smaWer of these ^lakc ” (or* rather pond.s) has, a surface of 
430 acres and a depth (T a litrte c'vcr a foot ; the larger a 
suiifacc of about 2300 acres and the same d^pth as the other, one 
side sloping gently. The water contain.s, *f of sp. gr. M42, 
293 3 Na^SO,, 10 fl, 0 , 4CS.34 g. NaCl and 11.35 g. MgSO^ 
per litre. The Glauber s salt cry.stallising from it is very pure | 
it contains after drying : — 


N.I..S()4 

1 

iVruMil. 1 

! 

l’«T Cfllt. 

99.18 

NaCl . 


0-72 1 

0*39 

N.I..CO, , 



006 

Insolul'Ic . 

. 1 

O'Si 


H .,0 . . 

' ■ i 

0-15 1 

0.17 


The total stock of crystallised Glauber’s salt in those fkkes 
s officially estimated at 655,000 metric tons, of which ^p9,0cxt 
ops is practically obtainable. • 

During the months of June, July, and i^ugust the water 
s pumped ijito four large tanks, made in the clay, 430 ft. 
ong, 2^ ft. widc,*and 8 ft.* deep, and it is left there ^r two 
'ears. In summer it is concentrated by spontaneous evapora- 
ion, and in winter Glauber’s salt crystallises out. Each of 
he four tanks in the^two years produces about 4750 tons 
f Glauber’s salt. Attempts at ilehydrating the salt by heating 
1 iron pans and calcining gave very ugsatisfactory results. 
Jpon Lunge’s advice the salt was exposed in open sheds during 
he sumnyr heat, and by efflorescence yielded an almost 
nhydrous product, perfectly free ^from*,iron and containing 
B -53 per cent. N^SO*, with 0 59* NaCl, immediately fit for 
late-^ass making. 


^ p. 167. 
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• Bachmetjew ) mentions a bed of very pure Glauber’s salt 
(43 per cent. N4SO4, 55 per cen 4 . HJO, 2 peV cent, impurities), 
which occurs 20 miles^ east of Tiflis, 7 ft. below the ground, 
and Jias a depth 0,^ from 5 to^io ft. 

A considerable quantity of Glauber’s salt is formed in the 
Karabugas Bay, in the Caspian Sea.- Tl^at bay has a surface of 
66 square miles ; its depth in the deepest place is only 60 ft. 
Owing to the strong evaporation, there is a constant flew of 
water through the strait connecting this bay with the Caspian 
Sea. The water of this sea contains per litre 078 g. NaCl, 0-04 
KC 1 ,o -05 MgClo, 070 MgSO^, o*o8 CaSO^, 0 02 CaCOg, and is of 
.sp. gr. I 01, but the water in the centre of the bay comes up 
to I- 18 or 1-19. In the central part of the bay a layer of pure 
crystallised Glauber’s salt, i ft. thick, has been formed, the mass 
of which is e.stimatcd to be about 1000 million ton.s.*'^ 

Markownikoff^ gives further notes on native sulphate of 
soda in Russia. 

Zole.ski^ mentions several mountain lakes in Siberia from 
which sodium sulphate is obtained, and is converted at l^arnaul 
into sod a -ash by the Leblanc process. 

Paterno” describes the occurrence of mirabiliteat Bompensieri, 
near Montedoro, in Sicily, where a 7-ft. deep layer of it is 
wonked for sale. The'salt contains 55-68 per cent, water, and on 
tdiijdng»55- 1 5 to 55-25 per cent. SO3, and is therefore very pure. 

Large deposits of sodium sulphate are found in the lowest 
portion of the Carriso Plain, which extends along and within 
the north-east boundary of San Luis Obispo County, California.^ 
The lake known locally as Soda^ Lake, or Salt Lake, in the 
bed o^ which this salt occurs, receives the drainage from the 
Carriso Plain and the adjoining flanks of the bounding ranges, 
the t6tal catchment basin being somewhat over 525 square miles 
in extent. The lake includes^an area of nearly 3000 acres. It 
remains practically dry except in extraordinarily wet seasons. 
A sample of the salt collected at the surface of the lake, near 
the present evaporation plant, varies from dull to lustrous pure 
white in colour, and,* though more or less granular, may be 

> Chem. Zeit, 1884, p. 652. • Fiseker^s /ahresber., 1898, p. 338. 

® Cf, also Chem. Zeit, 1903, p. 1177. * Fischer^ s jahraber.y 1887, p. 528. 

‘ Chem. ZeiL, i 893 » P- *695. • Liebigs Jahnsber.^ 1880, p. 1423. 

’ Oi/, Painii and Drug 31st May 1949. 
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easily coished between fhe fingers. An analysis of the salt, 
made in the laboratory qf the U.S. Geologic^ Survey, shows 
it to contain 405 per cent. g( srdium oxide (Na^O), 46- 12 per 
cent, of sulphuric anhydride, 1-60 per cefiJt. of magnesium oxide, 
and 9-27 per oent. of chlorine.* 


JII, 'Hydrochloric Acid. 

Historical 

The ancients were already acquaii^tcd wifh the, cementation 
of argentiferous gold by heating it with common .salt and 
copperas or alum, in which case hydrochloric acid is set free 
and comes into action. To the Arabian alchemists aqua regia 
was well known ; but pure aqueous hydrochloric acid is first 
mentioned by Basilius Valentinus in the fifteenth century. At 
the end of the sixteenth century Libavius mentions its evolution 
by heating salt with clay; Glauber in 1648 .still calls it the 
deare.st of all acids and the most difficult to prepare! He 
kept secret its preparation from salt and oil of vitriol, dis- 
covered by him.self. He also knew hydrochloric acid gas, but 
Priestley in 1772 first collected this gas over mercury, and 
de.scribed its propertie.s.H 


• Properties of Hydrochlorio Aoia 

• • 

Hydrochloric acid is sometimes found in nature in fhe 
Tee state or in aqueous elution — for in.stance, in volcanic 
jxhalations, .springs and brooks, and in the water of some 
ivers alon|; with free sulphuric acid. In the animal body 
lydrochloric acid is stated to be present, the gastric^ juice 
ontaining free acid correspond^g to about 3 per cent. HG. 
n the .salivary glands of Dolium galea ^ also, 0*4 per cent. HCl is 
ound along with free sulphuric acid. 

Hydrochloric acid is formed synthetically from its elements 
f they are mixed in equal volumes •and exposed to the 
laylight ; upon this action Bunseif and *RoScoe’s method for 
leasuting the cjiemical action of light-rays is founded. In the 

* Jetails in Repp’s Geschichte der ChemU^ lii., p. 346. 

« 



38 HAW MATEKIALS AND FttODUCTb 

direct light of uhc sun the two gases unite with an explosion ; 
also by hcating\ai^<^ action of the electric spark (in the 

latter case even when much dilutee! by air), but not by the action 
platinum* sponge. 

Tile action of light on mixtures of chlorin,c and hydrogen 
has been more closely investigated by Gautier and Helier.^ 
They found no rcacticci to take place when the gases were kept 
in the dark for any length of tivnc ; nor wa,s any HCl foymed 
when the gaseous mixture w^s exposed to the faint light of a 
candle. Therefore observations can be made with the mixture 
in such faint light without any danger of an explosion. 

A. Cochn and K. Stuckardt - have investigated the action of 
light on the gaseous .systems hydrogen iodide, hydrogen bromide, * 
hydrogen chloride, and their cornponent.s. The reactions were 
effected by means of a mercury lamp in both quartz and uviol 
glass apparatus. In all three cases ccjuilibrium was reached 
from both sides. In quartz apparatus the decomposition pro- 
ceeds to the extent of 92-3 per cent, in the ca.se of hydrogen 
iodide, and this is reached in ten minutes ; the formation pro- 
ceeds to 7*6 per cent In both uviol gla.ss and ordinary gla.ss 
there is a decomposition of 100 per cent, and no formation in 
the case of h}’(lrogen iodide. With hydrogen bromide there is 
100 per cent, decompoi^ition in quartz, 20 per cent, in uviol gla.ss, 
and ,no^ decomposition in gla.s.s. The amount of formation of 
nydrojjcn bromide is zero in quartz, So per cent, in uviol glass, 
and 100 per in glass. In the ca.se of hydrogen chloride 
there is 0-42 per cent. dccomix)sition and 99 58 per cent, 
formation in quartz and 100 p^r cent, formacion with no 
decomposition in uviol glass and ordinary gla.ss. In the case 
of hydrogen bromide the reaction is complete in ..four hours 
and wjth h)'drogen chloride in less than five minute.s. The use 
of the three types of apparatus .shows the effect of the different 
spectral regions ; in quartz, light down to 220 /jifi is active, in 
uviol glass to 254 and in Jena glass down to 300 jjljul. 

Hydrochloric acid is also formed by the action of chlorine 
on all compounds of Jiydrogen (except hydrofluoric acid), and 
especially on organic substances under various conditions; 

* Comptes exxiv., p. 1 1 28. 

• Z. physip. Chern y 1916, 91, 722-744 ; /. Ckenu Soc.y I9i>, 11^ il, $-6. 
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f 

also by tjic action of hjfdrogen, an 1 especial^ of h'^dropen 
compounds on many chlorides. f 

Experiments on the for^nat’ >11 of IICI from hydrogen, 
oxygen, and chlorine under varying coiftlitions arc (described 
by Hautefeuille. and Margucritt^ * • 

Density . — The density at o'’ is 0908, at«i5''=o-835.* The 
weight of a normal litte of hydrogen cl^oridc i»as jcen deter' 
minc<J with great exactness. (^. Scheuer*'* gives as mean value 
16394 g. per litre. F. 1 *. Burt and R. V^’hytla\\^Gray * give 
1-63915 ±0-00004. ^ 

eat of Formation . — The heat of Xormati^n of gaseous HCI 
from its elements is for 36*5 g. 1IC1= +22 Cal.s. at 1*5", o** -I-26-0 
Cals, at 2000''; that of aqueous hydrochloric acid is =39*3 Cals, 
per gram molecule. 

Melting and Boiling-points . — Anhydrous hydrogen chloride 
at the ordinary temperature is a colourless ga.s, containing 
2*74 per cent, by weight of II and 97-26 per cent. Cl. By cold 
and prcsMirc it is conden.sed into a liquid which docs not 
immediately reoden blue litmu.s-paper. The vapour pressure 
)f the liquid at f is as follows : — 


4 

9-25 

I8-I 

220 
I 2t).75 

t « ^ _ ^ 

• • 

The melting-point of hydrochloric acid is -111-4" a«d the 
K)iling-poirTt -83-1" (Ladenburg and Kriigel) ; - 82 9" (M‘Intosh 
nd Steele). The criti^l temperature /,= -f 5i-4o'±o-i(J," and 
he critical pres.sure,/, =81-55 ±0-15 atmo.s/' 

Specific Heat, — The specific heat of the gas at constant 
iressure (22° to 214") is o 1852, and at constant vcTlume 0175, * 
aking wabei^ i (Regnault). Cf. M. Pier.® 

• 9 

* Comptes rend.,, cix., p. 641 ; J. Soc. Ghent , Ind.^ 1890, p, 184. • 

® Ansdel), Chen,. News, 00, 75. Comptes pend.,, 1909, 140 , 599. 

* Tmns. Faraday Soc., 1911, 7, 30. ^ 

* E. Cardoso anti A. F. 0 . Germann,/ Chim. Phys., 1912, 10, 517* ' 

® Z.pkysihfChem., 1909, 08, 759. , , 
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39-4 

66.95 • 
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44.S 

75-20 « 
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48-0 

• 80.80 1 

45-73 

,{ 

49-4 

: • « 4-75 • 

51-00 

'1 

50-56 
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Refractive ybidex . — The refractive* index for the D line at 
N.T.P. is i ooo\^7. » 

Decompositions. — Hydrochloric, acid is decomposed by elec- 
trolysis, ‘the dry gas,*bnly to a small extent It is also de- 
, composed by long-continued electric or induction sparks, and 
partially also by heating to 1 5(X)“ C. Bodenstein and Geiger ^ 
found that at ordinary temperatures the dissociation is only 
6-6 X 10“^^ percent., at iooo'’ = opo2 per cent, and at 2CXX)” = o-8 
per cent /Pqueous hydrochloric acid, exposed to sunlight in a 
closed bottle for a l^gth of time, gives off free chlorine, which 
can be detected b)* gold leaf after a few hours. 

Hydrochloric Acid Solution. 

Hydrochloric acid has great affinity for water, and con- 
denses with the aqueous vapour of atmospheric air into thick 
fumes ; water absorbs it with considerable evolution of heat ; 
and even borax, magnesium sulphate, or sodium sulphate, 
containing water of crystalli.sation, absorb it from gaseous 
mixtures. 

Aqueous hydrochloric acid is colourless, unle.ss it contains 
impurities ; a yellow colour may be caused by ferric chloride, 
free chlorine, or organic substances. At the freezing-point of 
mprgury it solidifies lo a butter-like mas.s. A concentrated 
^ol^itioB fumes in the air. According to H. Dcicke, i cc. of 
water *at f and 7,60 mm. pressure absorbs a number of cu^ic 
centimetres of IKd gas, at the same temperature and pressure, 
shown in the following table at a ; the resulting^ aqueous acid 
has the specific gravity shown at%, and coiitains c per cent. 

of Hcr 


« r 

a voIh. 


e p«r cent. 

HCl. 

--- 

-- 

% 


0 

525.2 

1-2257 

45.148 

4' 

* 494-7 

1-2265 

44.361 


480.3 

1.2185 

43.828 

12 

471-3 

1.2148 

43-277 

. 14 '' 

4i>2-4 

1.2074 

42.82^* 

‘ 18 


1.2064 

42.344 

18.25 

, 450.7 

1.2056 

1 42-283 

23 

435-0 

1.2014 

41-536 


' Z, physik. 1904 , 70 , 
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Effect, of Pressure on Solubility -- The: solub^ty of HCl at a 
fixed temperature depend^ on the gaseous pres^re. According 
to Roscoe and Dittmar,^ i ,gram of water at 0° absorbs G 
grammes HCl at a total pressure P, as ^own by this •table:—* 


4 

r. 

G 

r.« 

► G. 







• 


nini. 

grins. 

mm. 

grms. 

60 

• I 3 < 

600 

0-800 

100 

0*<>57 

700 

0<I7 

150 

0-686 

• 800 

0.831 

200 I 

0.707 

900 % 

0-844 

250 

0.724 


. 0.856 

300 

0 - 73 ^' 

1100 

0-869 

400 

0-763 

1200 

0-882 

500 

0-782 

1300 

0-895 







„ . . 


Effect of Temperature on Solubility. — For a total pressure of 
760 mm. the same authors give a table showing the change in 
the solubility of HCl in water with varying temperature. 


I &- 

of water absorbs at 760 

Orm. 

UCl. 

mm. 

prc.s.surc : — 

Orm. 

HCl. 

At 

0° C. 

. 0825 

At 32'’ C. 

0-665 

»> 

4“ V 

0-804 


36“ „ - 

0.649 


8' „ - 

0-783 


40" „ 

• ‘>■<'33 


12“ „ 

0.762 


44' 

0-618 

»» 

i6‘’ „ 

0.742 


48“ „ - 

- 0.603 


20“ „ 

0-721 


52" » 

. 0.589 

• 

24“ „ 

. 0-70D 


56'^ « * 

- 9*575 

It 

28^ „ 

. 0682 1 


60° „ 

0.561 


Concentrated aqueous hydrochloric acid on heating I 
both gas and water, and becomes weaker on boiling, till, accord- 
ing to Bineau, its specific gravity has attained MOI and its 
composition is 20- 17 pc- cent. HCl+79'82 per cent. H20,xvhich 
exactly corresponds to the formula HCl, SHgO ; it then boils at 
I lo'* C., and distils without any change. On the other hand, 
more dilute acid on boiling loses more water than gas, till it 
reaches exactly the same concentration. Roscoe and Dittmar 
found that for every fixed pressure there is a constant-bailing 
mixture. The constant-boiling mikture at 760 mm. contains 
^24 jier cent. HCl, but at a lower pressure the acid distilling 

' Ann. Chem* Phopn,^ cxii^ p. 327. 



42 


RAW MATRlftkLS AND PRODUCTS 


unchanged is wronger, whilst at a higher pressure it is weaker, 
as shown by th\folIowing table : — 


Gaseous' 

pr»jg8ure. 

HCl. 

1 Gaseous 

j jiiesKiiri* 

HCl. 

Gaseous 

pressure. 

HCl. 

M(*Lrcs. 

h 

ivr cent. 

Metres. 

Per cent. 

Metres. 

iVr cent. 

0*05 

23-2 

0*8 

20*2 

1*7 

l8*8 

O-I 

22.9 

0-9 


1*8 

18.7 

0*2 

; * 22.3 

1 1*0 i 

19-7 

‘ 1*9 

1 8-6 

0*3 

! 21*8 

1 I-I ^ 

' 19*5 

2*0 


0*4 

i 21*4 

i, 1-2 

19.4 

2*1 1 

18.4 ! 

0-5 

2 I«I ‘ 

1 1-3 

19*3 

1 2*2 i 

18.3 

0-6 

I 20-7 • 

fH 1 

ig.i 

i 

18.2 

0*7 

• 20*4 

' 15 1 

19*0 


i8.i 

0-76 

; 20*24 

1 

!•() 

18*9 


180 


According to Ih'neau, when strong acid is exposed to the 
...r, it gradually loses HCl till it reaches the sp. gr. 1*128 at 
15° C. ; it then contains 25*2 per cent. HCl, corresponding to the 
formula IICI, 6H^O, and boils at lOb'C. with a loss of gas. 
Here also the temperature plays an important part. On pass- 
ing a stream of air through hydrochloric acid, part of the latter 
is evaporated ; for each temperature an acid of a definite 
composition remains behind, which then evaporates unchanged ; 
stronger or weaker 'Hcid changes its composition, until that 
pfliift has been reached which corresponds to the temperature 
ljUQstion, as indicated by the following table (by Roscoe and 
Dittmar)v— ^ 


1 Temp., 

irci, 1 

Temp., 

HCl, '' 

Temp., t 

HCl, 

dsKiiwH. 

I ^ 

per cent. j 

«lej;ns*s, ^ 

p4V cent. 

tH'rces 

pr cent. 

i 

! 

0 

2.3*0 ; 

1 

35 1 

t 

23*9 

70 

!* 22*6 

5. 

24*W ! 

40 

23*8 

75 ! 

22-3 

10' 

24*7 1 

45 1 

23*6 V 

80 

22*0 1 

1 *5 

24*9 

50 

! 23.4 

«5 

21*7 

20 ( 

24*4 ! 

55 

' 23*2 

90 

21*4 1 

1 25 1 

24*3 ’ 

(« 

1 23*0 

95 

21*1 

1 1 

■; 


22*S 

100 

. i 

1 20.7 ” j 

1 i 

f fence 

the acid 

^iistillyig 

at a certain pressure without 


change, that i.s, at a constant temperature, is identical with 


the acid which remains unchanged when a* current of dry 
air is passed through hydrochlov'c acid at the same 'temperature 
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ind at ordinary pressure? This is hown by/thc following 
able 


Pn*snn-, 

mfitrta. 

fioiling-poliit, 

i 

Ut 1 , 

{N-r 

T#oi]:>«ratnr»> of j 
llufftlr-current, 

•Hei, i 

lM«r j 

0-10 

i Cl to 62 , 

1 

I • 4 

' (i2 


23-9 t 

0.21 

1 7C „ 77 

22-1 

^ 77 


22-2 

0-30 

1 «4 n 

21-7 j 

^5 

1 

2J-7 

C838 

9! 

fi-3 1 

91 

j 

21-4 i 

0-49 

1 97 

20-9 , 

98 

-i 

2M 1 

0.62 

' 103 

204 i i 


1 

1 


' - 



1 

. . 

Furthc 

♦* investigations 

on the conditions of the ctiuilibrium 

between the .solid, liquid, 

and ga.scous states ( 

□f h\d 

Irochloric 

acid have 

been made by 

Roozeboom 

' and by 

R. B. 

Warder - 


A solid dihydrate, IICl, 2H0O, with 50-35 per cent. HCl, 
crystallises at - I7•7^ Pickering^ found also a trikydratc, with 
40-33 per cent. MCI, crystallising at -24-4”. F. 1-. Rupert^ has 
shown that a monohydratc also exists. It has a density of 
1-48 and freezing-point of “15-35'’ with a vapour prc.s.surc of 
approximately 17-3 atmo.s. With greater dilution the freezing- 
point sinks lower and lower ; acid containing 30-3 per cent, 
does not crystallise even at —83“. With only 23-9 per cent. 
HCl crystallisation .sets in at -79", but tljfs mo.stly consi.sts of 
water ; from this point the freezing-point gradually rises agrtiit 
Specific Gravities of Hydrochloric Acid. — Tables of debfiitk’sr' 
aro given by Davy, Kirwan, Dalton, and I? re; the la.st of 
these was frequcntl)' used in England, although it had 
been rendered obsolete by that of J. Kolb,*^ reprinted in 
prior editions of *this wortc. This table has now 4. been 
replaced that worked out by Lunge in conjunction with 
Marchlewski.® In making use of this (p. 44), we must, of course, 
recollect that it refers t^ chemically pure hydrochloric acid, and 
that commercial acids will ah^ays contain less HCl than 
indicated by the table for any given specific gravity. • “ Roaster- 
acid’* often contains several per cent sulphuric acid besides 
solid mattar. The table in question refers to a^temperature of 

* Z.physik. CLm., 1887, p. 365, and 1888, p. 4J9. • 

* Ch4m. News, 1891, Ixiii., p. 17. 

® Ber,, 1893, P- ^ 9 - ^ /• Amer, Chem. Soc., 4909, 81 , 851. 

* Comptes ffruL, 74 , 337. angew. Chem., 1891, p. 133. 
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1 5 ; the chaiVes of the specific gravity brought abou^- by highet 
or lower temp^atures are indicated cin Table II. on p. 45. 

I. Specific Gravity of Hydrochlbric Acid at 15® C. compared 
with W^ter at 4° cmd reduced to Vacuum. 

» (Lunge and Marchlewski.) 


100 partH by weight corr<' 8 pond 


Df'KTHPs 

Twaddell. 

Fip<'ciflc 
gW'lty at 
16 ‘ 

4 ° 

in vacuo. 

I to parts by^widfiht of 

1 litre 

1 cubic foot 
contains 
lb. of HCl. 

e iici. 

c 

•Acid of 
spec. grav. 
l *1426 = 28 *r>‘ 
Twaddell. 

Acid of 
sjx-c. grav, 
1 - 162=: 80 4 * 
Twaddcll. 

contains 

grins. 

HCl. 

0 

I -000 

0*16 

0-57 

0*53 

1*6 

0*10 

I 

1*005 

1*15 

4*08 

3-84 

12 

0*75 

2 

1*010 

2*14 

7 *60 

7*14 

22 

1-37 

3 

1*015 

3-12 

11 *80 

10*41 

32 

1*99 

4 

1*020 

4*13 

14*67 

13*79 

42 

2*62 

5 

1-025 

5-15 

18*30 

17*19 

53 

; 3*30 

6 

1*030 

6*15 

21-85 

20*53 

64 

3-99 

7 

1*035 

7-15 

25.40 

23-87 

74 

4*61 

8 

1.040 

8*16 

28.99 

27*24 

85 

5*30 

9 

1*045 

9*i6 

32-55 

30*58 

96 

5-98 

10 

1-050 

10*17 

36*14 

33*95 

107 

6.67 

11 

1*055 

11*18 

39-73 

37-33 

118 

7-35 

12 

1*060 

12*19 

43-32 

40*70 

129 

8*04 

13 

1.065 

13*19 

46.87 

44,04 

141 

8-79 


1*070 

14*17 

50*35 

47*31 

152 

9.48 

15 

1 075 

ti 5 *i 6 

53*87 

50*62 

163 

10*16 


1080 

10-15 

57-39 

53*92 

174 

10*85 

17 

1*085 

17*13 

60*87 

57-19 

186 

11*59 

- 

1*090 

18.11 

64-35 

60.47 

197 

12*28 

19 

1*095 

19*06 

67-73 

63.64 

209 

13*03 

20 

MOO 

2001 

71-11 

66.81 

220 

13-71 

21 

M05' 

20.97 

74-52 

7001 

232 

14*46 

22 

MIO 

21.92 

' 77-89 

73*19 

243 

15*15 

23 

MI5 

22-86 

81.23. 

76*32 

255 

15*90 


1.120 

23*82 

84-64* 

79*53 * 

267 

16*65 

2S 

M25 

24.78 

8806 

82*74 

278 

17*33 

2() 

I-I30 

25-75 

91.50 

85-97 

291 

18*14 

27 

1*135 i 

26.70 

94.88 

89.15 

303 

18*89 

281 

1*140 

27^6 

98.29 

- 02*35 

315 

19.64 

29 

1*145 1 

28*61 

101.67 i 

95-52 

328 

20.45 

30 

1-150 

29*57 

105*08 i 

98-73 

340 

21.20 

31 

I-I 55 

30-55 

108*58 1 

10200 

353 

22*01 

32 

m6o 

. 31-52 

112*01 ! 

105*24 

366 

22*82 

33 

1-165 

32*49 

115*46 ! 

108.48 

379 

23-63 

34 

1*170 

33-46 

118.91 i 

111.71 

39 » 

24*44 

35 

1 - 175 *- 

34-42 

122.32 1 

114.92 

404 . 

25-19 

3 ^ 

1*180 

35-39 

125.76 1 

118*16 

418 

26*06 

37 

1*185 . 

3 ^ 3*31 

*• 12903 

121*23 

430 

26*81 

38 

1*190 

37-23 

132*30 

124.30 i 

443 

27*62 

39 

I-I 95 

38*16 

135-61 

127*41 ! 

456 

28*43 

40 

1*200 

39-11 

138.98 

w 

130.58 

' 469 

29.24 
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II. Influence of Temperature on the Specific fravtty oj 
Hycfirochlonc Acid. ^ 

The column a shows the specific gravitk^s at ; the Columns 
show the amoynts to be acldec! or subtracted to correct the 
Lpecific gravity to the temperature injicated. * 


a 

. 

0^ 

10* 

A 

m6 ® 

■f o*oo8 

+ 0*003 

- 0*003 

M50 

0*008 

0*003 

0*003 

M40 

O-CJK 

0*003 

0*003 

M30 

o*oo8 

0*003 

0*003 

M20 

0*008 

0*003 

0*003 

MIO 

0*008 

0*003 

0*003 

1*100 

o*oo8 

0*003 

0*003 

1090 

o*oo8 

0*003 

0*003 

I *080 

o*oo8 

0*003 

0*003 

; 1*070 

0*008 

0*003 

0*003 

' 1*060 

0*008 

0*003 

0*003 

1*050 

o*oo8 

0*003 

0*003 

1*040 

o*oo8 

0*003 

0*003 

1*030 

0*008 

0*003 

0*003 

j 1*020 

o*oo8 

0*003 

0*003 

1*010 

0.008 

0*003 

0*003 


A 

A 

A 

A 

8d“ 

• 

40 * 


7 l>‘ 

0*008 

- 0 o?3 

- 0*018 

-0*022 

0*008 * 

0*013* 

o*<y8 

0*022 

o*oo8 

0*013 

0*017 

0*022 

0*008 

0*013 

0*018 

0*021 

0*008 

0*012 

0*017 

0*020 

0*008 

0*011 

0*016 

0*021 

0*008 

1 0*012 

0*01 6 

0*021 

0*008 

1 0*013 

0*017 

0*020 

0*008 

0*012 

0*016 

0*021 

0*007 

0*011 

0*015 

0*020 

0*007 

0*012 

0*01 6 

0*021 

0*007 

0*012 

! 0*017 

0*022 

0*007 

0*013 

, 0*018 

0*022 

0*008 

0*013 

0*018 

0*022 

0*008 

0*013 

i 0*018 

0*022 

0*008 

0*013 

i 0*018 

1 

0*022 


Another table for the same purpose, the arrangement of 
which may be preferred by some readerlfis given in Lur^jefe 
Technical Chemists' Handbook^ ig\6y Ip. 

^The specific heats of hydrochloric acid of wirious concentra- 
tions are given as follows by HammerP: — ^ * 


HCl, * 
per cent. 

, Hp**ciflc • 

Wt. 

HCI, 
per cent. 

HixwifK! 
llMt. ^ 

• 

32*37 

0*62f)0 

18*30 

0*7502 [ 

28*18 

0*^2 

12*50 

0*8132 K 

25*37 

06797 

6*53 

0*8983 

23*82 

0*6895 

• 4*8 

0*9310 


Electrolyses of Hydrochloric Acid Solution. — Hydrochloric 
acid is an axcellent conductor and on electrolysisof concentrated 
solutions yield.s hydrogen and c|jloriner Recording to E. 
Doumjr ^ when a .solution of hydrogen chloride is electrolysed, 
the theoretical weight of hydrogen is evolved at -the negative 
* CempUs tend.., Ixxxix., p. 9p2. ® * Comptes rend., 1908, 146 ^ 329. 
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electrode and Y mixture of chlorine and oxygen at the positive 
electrode. The proportion of oxygen increases in weaker 
solutioi^s of acid, reaching as mueh a.s one-quarter of the whole. 
This liberation of px^gen cani^ot be attributed to the secondary 
action of the chlorine formed on the .solvent water ; on the 
^contrary the chlorine coinbincs with a certain amount of the 
oxygen forming oxicifc.s. When silver or mercury anodes are 
employed, which fix the chloriiic, a larger volume of oxygen 
is obtained than with platinum anodes. Not only the hydro- 
chloric acid but alco the water is decomposed clectrolytically. 
For a criticism t)f .som6 jjoints in Doumcr’s paper, see T. 
Guilloz.^ 

h. II. Jeffery - electrolysed hydrochloric acid .solution with 
a copper anode in an atmosphere of nitrogen. He found that 
the copper went into solution as complex anions, corresponding, 
in presence of excess of hydrochloric acid, to the compound 
HoCuClj. Black metallic copper was deposited from disintegra- 
tion of the anode, and a j^recipitate of cuprous chloride was 
formed, no chlorine being evolved during the electrolysi.s. 

Ihe migration ratio of dilute solutions of hydrochloric acid 
has been determined by C Chittock^ who found that the 
transport ratio of the Cl ion increa.ses from 0*17 1 at a concentra- 
tion of 0001405 ecjul^alents per litre to 0-275 concentration 
.4ifpO(?oioo6. 

f. 

Oh^mioal Reactions of Hydrochloric Acid. 

Hydrochloric is a very strong acid, which even in a very 
highly diluted state still reddens blue litm*us-paper, and has a 
strongly acid taste. It dis.solvcs most metallic oxides, forming 
chlorides, al.so many metals with evolution of hydrogen, 
especially all metals soluble in dilufe sulphuric acid. Lead 
also, which is scarcely at all attacked by dilute sulphuric acid, 
is quickly eorroded and di.ssolved by somewhat concentrated 
and hot h)'drochloric acid ; accordingly, lead vessels, pipes, etc., 
are to be avoided as^ much as possible in its condensation or 
employment. 

Of great importance is the action exerted by hydrpchloric 

* CompUs fend.y 1908, 148 , 581. * Proc. Faraday Soc.^ Oct 1915. 

^ ^ Proc, Comb, Phil„ Soc., looo. it cc. 
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cid uponr compounds very rich in oxygen, viz.fupon the ptr- 
otides of manganose and Ifead, chromic acid ancf its salts, nitric 
cid, etc. In all these cases, fcut ■ i some only on heating, part 
pf the hydrfxhioric acid is oxidj^d to frVe chlorine an*d water. 
Jpon this readtion is founded t! e industr^ial preparation of 
hlorine, as well as the solvent action! *of aqija regia {i.e., of a 
nixture of nitric and hydrochloric acidsfupon gold, platinum* 
itc. 41ydrochloric«cid l.so e»i)cls ino.st other acids from their 
alts. Many natural silicates, especially th( zeolites, and al.so 
irti|icially prepared ones (.slag.s), arc decon»iK)sc(l by digestion 
rith HCl with formation of gelatinou.s* silica, the .soluble silicates 
»f pota,s.sium and .sodium being of cour.se the most easily dc- 

I mposed. l>h<p.sphoric, boric, carbonic, etc, acids are frcf|uently 
erated by hydrcpchloric ;icid. Thomsen has shown, by thermo- 
emical experiments, that in dilute .solutions hydrochloric acid 
ssesses twice the affinity of sulphuric acid, /.r,, in a mixture 
one equivalent of hydrochloric acid, one equivalent of 
Iphuric and one equivalent of a ba.se, the hydrochloric acid 
utralises two-thirds of the base and the .sulphuric acid one- 
rd. Although hydrochloric acid is a considerably stronger 
d than sulphuric acid, most chlorides are decomposed readily 
gentle warming with concentrated sulphuric acid, yielding 
phates and h) drochloric acid. This i.•f^o be exjpccted fgrm 
the Law of Mass Action, as under the conditions *f the 
sx^eriment the volatile hydrochloric acid escapes con.sfantly 
From the mixture and consequently the roacWon ‘proceeds 
n this direction. The reaction can in many cases (possibly 
n all) be reversed Jry keeping up a sufficient partitil pressure 
)f HCl. • 

Boussipigault ' has made direct experiments on the de- 
lomposition of sulphate^by Hf'l at a higher temperature.* But 
nost conclusive arc the results obtained by Hen.sgcn ^ from the 
iction of dry gaseous HCl upon different .sulphates, I’ota.ssium 
iulphate is not sensibly decomposed cithei' in the 'cold or at • 
JX)" ; but a fittle below a dark red heat, almo.st a quantitative 
decomposifion into chloride and free s*ilphurrc acid, seto in. 
Anhydrous sodirm sulphate behavts in the same way; but 
crystallised sodium sulphate (Na^SO,, lo H,0) is completely 

' Com//es Uxviii., p.^593. 1 
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converted inta NaCl by a current of hydrochlorict acid gas 
at ordinary temperatures, and even ♦at —\f C. It first melts 
in its water of crystallisation ; ^nd afterwards the temperature 
rises to Lithium sulphate was also decomposed 

completely, the sulphates of barium, strontiym, and calcium 
nearly but not quite' completely. Cupric sulphate, either 
mhydrous or cont dnih^ only one molecule of H2O, with dry HCl, 
seems to form an addition-produ:t of the fonmula CuSO^, cHCl, 
tvhich in dry air over quicklime parts with all its acid again, but 
kvhen heated in a current of air or oxygen gives off free chlorine 
md water ; . this probably plays an important part in Deacon’s 
:hlorinc process. 

It should be remarked that in these experiments the sul- 
phates were exposed to a large excess of hydrochloric acid in 
in atmosphere of this gas. The reaction therefore proceeds 
iiffercntly to its course under normal conditions. When a 
:hloride, say NaCl, is brought into contact with sulphuric acid, 
he HCl is, at least partly, liberated, and on raising the 
emperature can be completely expelled, because after the free 
dCl is expelled the HoSO^ can decompose a fresh portion of 
he chloride. 

With sulphur trioxide, hydrochloric acid gas yields chloro- 
lulphuric acid, a strcMgly fuming liquid. 

Hydrochloric acid shows properties in quantities of 

ess t'jian 0 5 per cent.^ It acts as a strong poison on plants, and 
s therefore noxious part of the chimney gases escaping 

rom chemical works. {Cf. p. 226.) 

The action of hydrochloric a^id on the animal organism 
las been studied by Lehmann.- Even with only o-oi per cent. 
HCl in the air, irritation was produced; with 01 to 015 per 
:ent., animals died in a few houts. ^ strong man found kir 
vith 0’004 per cent. HCl unbearable. In no case should factory 
lir ever contain more than 0 01 per cent, HCl. 

Non-aqUeous Solutions . — Hydrochloric acid is readily soluble ““ 
n most alcohols; in benzene and its homologues; and also 
n ether, acetdne, and many other solvents. The ‘solution of 
hydrochloric acid in absolutely anhydrous solutions is usually 

1 Sicber, Liebig’s Jahresber.^ 1879, P- *020* 

* Anh. Hygiene., 1886.^ p. 16. ^ 
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pimui icas -dUive chcmicalfy tlian the aqueous Solution, and 
[it has even been stated thfit an anhydrous ethereal solution 
will not act on metallic soutum. The presence of a trace 
of water causes the non-aqueoys soluttdns to react* much 
like the aqueous’ solutions. 

Hydrochloric acid is readily absoiTjcd by cliarcoal, the 
amount depending on the nature of the chafeoal ; wood-charcoal 
was foind to absorb .doout i6o times its own volume of the gas. 
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THE RAW MATKR^LS AND PRODUCTS OF THE MANUFACTURE 
OF S^XLTCAt-vE ANl^ H\DROCHLORIC ACID AND THEIR 
ANALYSIS 

Only a small quantity of sodium sulphate is prepared in the 
crystallised state as Glaubers salt, principally that intended for 
freezing-mixtures and pharmaceutical purposes ; the rest is 
made as calcined sulphate or “saltcakc,” one portion of it being 
used as such (for instance, in glass-making), another portion 
being at once converted into alkali. The ])roportions have 
changed very much in the course of time, and very little is 
now converted into alkali. 

The different proccs.scs for preparing sulphate of soda may 
be divided into tho ve in which it is the principal product, and 
TlK)se^in which it is a by-product. As the principal product, 
**ffiaMy all the saltcakc is obtained by decomposing common salt 
with sulphu|;iq,atid, or common salt with sulphurous acid in the 
presence of air (according to Longmaid, Hargreaves, etc.). We 
shall treat of the latter proces.s%s later on ; at •[^resent we will 
turm our attention to the ordinary process of decomposing 
common salt by sulphuric acid. • 

Jhis is not merely the process w'hich up to this day furnishes 
the largest portion of all sodium sulphate, but at the same time 
is the oldest, viz., that employed by Glauber himself. He and 
his succes.^ors obtained sodium sulphate in the first instance as^- 
a by-product in making hydrochloric acid in glass retorts. But 
wh^n the manufacture of artificial soda, at the ’end of the 
eighteenth century, received a sudden impetus, that of sulphate 
had to be increased in the same proportion; and tjie time 
came when* muriatic acid became a by-prochict, and in many 
cases was altogether lost — a ‘state of things wliich probably 
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J ' 

does not exist anywhere at the pres, nt day. yeblanc himself 
prepared the sulphate wWich served as a starting-point for 
his soda-process by decomposing common salt with splphuric 
acid ^ ^ ^ 

As the scale* of manufacture increased the form of the 
apparatus was changc(j. At fir.st jron cylinders were used^ 
where the muriatic acid had to be condensJd, or * pen lead dishc. 
where* this was not*thc case ; Mic latter were frequently heated 
by the waste fire of the soda-furnacc^, and were usually combined 
witl\ a calcining-furnace. Hut only when alkali-manufacture had 
gained a firm footing in England, anfl began* to be carried on 
there on a much larger .scale than on the Continent, was 
apparatus adopted suitable for producing large quantities. The 
first in England to make .saltcake by decomposing common 
salt with sulphuric acid was William Losh, who had studied 
chemistry in France, and, having returned to his native country 
in ‘the beginning of this century, erected a chemical works at 
Walkcr-on-Tyne. A weak-brine spring existing there finst 
gave occasion to this. In 1812 or 1815 lead chambers were 
erected, the product of which was partly .sold as oil of vitriol, 
partly employed for decomposing common .salt obtained from 
various .sourcc.s. The first furnaces for this purpose were made 
of lead and lined with bricks ; 2 cwt. of sa^t were introduced^^ 
a time, and the vitriol was slowly poured in from a garl jpy. 
through a hole in the furnace-roof. The muriatic acid e.s?aped 
into the air by a .short chimney. After three hiifwrs a plug in 
the side of the lead pan was drawn out and the .semi-liquid 
mass was run into a#lead ves.s^I, wdicre it .solidified into a hard 
cake, which was broken up and calcined to finished salfbake. 
The lead ftfrnace, which stood a very .short time, was in 1828 
replaced by a brick furnace, and in 1840 by cast-iron decompos- 
ing pans.^ A second factory of similar kind arose at Blyth 
^in 1822, but 1823 was the real year of birth of the manufacture 
of saltcake and carbonate of .soda on a large scale. In that 
year the enefrmous salt-duty, which had prevented any great 
extension, was taken off, and James Mu.sjiratt erected a factory 
at Liverpool, in which common silt wsfs decomposed with 
sulphurtc acid, and Leblanc’s process was carried out completely. 

• 

Ciaphain, Soda Manufacture on the Tynty p. 14. * 
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In the same ]^ear Cookson & Co. (now the Jarrow Chemical 
Company), started operations at Sbuth Shields; and in 1827 
a numj)er of works were erected both in Lancashire and 
on the Tyne. 

Except in very few cases, viz., the cylindet furnaces of the 
^olde.st and the mechanical, furnaces of tjie most recent time, the 
operation of making saltcake consists of two stages. The common 
salt is at once brought together with tho whole quantity of 
sulphuric acid required—thae is, ifLSO^ to 2NaCl, which ought 
to yield simply N^-^SO^ and 2HCI ; but, owing to the tendency 
of sulphuric acid to form ‘acid salts, the decomposition proceeds 
in stages. The usual representation of the process is that at 
first the following reaction takes place: — 

I. NaCl -h = NaHSO, + HCI 

Cummoii Sulphuric AcM sodium Hydrochloric 

sail. acid. sulphate. acid. 

and that then a second molecule of common salt comes into 
play, and the following reaction sets in — 

II. NaHSO, + NaCl - Na.SO^ + HCI. 

Acid sodium Common Sodlani Hydrochloric 

sulphate. salt sulphate. acid. 

r- 

IFkesc two reactions, however, arc not sharply separated. On 
^^.vVhole, however, at a comparatively low temperature 
sulphurif acid and common salt, even when the latter i§ in 
excess, act upon each other principally according to the first 
equation, whilst at a higher temperature the excess of common 
salt ^acts upon the acid sodium sulphaft: according to the 
second equation. In other words, the decomposition of 
common salt becomes complete only at a higher temperature, 
viz., ‘at a pretty strong red heat 'The results obtained in 
practice do not agree withnhe above equations. According 
to the firs.t equation, only 50 per cent, of all the hydrochloric 
acid ought to be given off in the technical first stage, which 
is going on ip the decomposing-pan, but it is fbynd that 66 
to per cent, of the HCI is given off, although nothing like 
a red'heat is attained there. 

According to Volney,* the first stage in the action of concen- 

* y. Amer. C^m, SoCi^ 28 , 820. 
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trated sulphuric acid on sodium chloride at i8° C^s represented 
by this equation : — • 

2NaCl + 2H.,S04 - N*aH (SO,), H-J^CI + NaCl. . 

When this is ovei^ no more gas is given off fti the cold, (fnly 
on heating docs the second stage et in as follftws 

• * f 

NaHgCSO,), + NaCI = 2NaHSO, + HCl, 

• • • 

and the temperature nov rises to about 120" C. * 

Thus by the action of hquid sulphuric ajid on solid common 
salt there is always formed, first, sodium sulphate (whether acid 
or neutral), which is solid, and secondly, hydrogen chloride, 
which escapes as a gas and has to be condensed into a liquid, 
along with aqueous vapour coming from the water always 
present in sulphuric acid. The strongest sulphuric acid is 
never employed, but acid of at most 144'' Tw. = 78 or 80 per 
cent. HoSO, and 22 to 20 per cent, of HgO. The common salt 
also contains more or less water. The water is mostly not 
given off in the first stage of the operation (that is, in the pan) 
hut in the second (the calcining-furnace or roaster) ; when 
employing dilute sulphuric acid, however, a good deal of water 
must be driven off even in the pan. As steam on being 
condensed to liquid water gives out a gooideal of heat, and as 
cooling is one of the principal conditions of effective condenfS 
tion of muriatic acid, this condensation is much more dtirc^fiT* 
whdh dilute sulphuric acid has been employed^fojLdeccxn posing 
the .salt. 

The importmnt p^art playej by the atr mixed with the HCl 
and the steam will be explained later. • 

At present we need only remember that, along with the 
preparation of sodium sulphate, the condensation of hydrochloric 
acid must always be effected, to prevent the escape of this 
noxious gas, whether or not the condensed muriatic acid can 
^be sold, or used by the manufacturer himself. • 

If hydrocIUoric acid is the principal product, a different style 
of working* is adopted. Instead of eiipploying more tjian 
iHjSO, to 2NaCl, as is sometimes rocommencied, less sulphuric 
acid is *ised than is required by theory. In the former case 
all the hycVochlofic acid would be completely expelled, but it 
would be contaminated by sulphuric acid e.scaping at. the same 
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time. With ^xcess of salt a little'common salt remains un- 
decomposed, but the hydrochloric acid will be quite free from 
sulphuric acid, and as sulphuric tacid is nearly everywhere the 
dearer of the two ingredients, an excess of common salt will 
be 'employed if the value of the hydrochloric acid is the 
principal thin^ a‘nd tHat^ of the residue of (impure) sodium 
sulphate only a secondary consideration. This is the case 
in all places where, owing to the high , price of coal, the 
consumption of sodium siiljfliatc for making glass or alkali is 
excluded, or whejp hydrochloric acid is required for other 
purposes, whilst its transit from the centres of chemical industry 
is extremel}' dear, making its local production as a principal 
matter remunerative. 

77/e nruf vuUcrials for the vianuf act lire of sulphate of soda 
arc the following : — first, sodium chloride with more or less of 
impurities, as common salt or rock-.salt ; secondly, sulphuric 
acid ; thirdly, in many cases, cylinder-cake, nitre-cake, and other 
products containing .sodium sulphate, free salt or free acid 
(residues from the manufacture of muriatic acid in cylinders 
and from that of nitric acid, the pan-scale of salt-works, etc.). 
(The “ .saltj)etrc-.salt ” obtained in making nitrate of potash 
from potassium chloride and nitrate of .soda is, owing to a 
ycjxcntage v)f 0 5 (K .saltpetre, unfit for making saltcake; it 
acts .strongly upon the pans, tools, etc, and the hydrochloric 
^cfd^ontains chlorine.) The materials mentioned in the third 
place altva>'^)l?iy a secondary part, and are nearly always 
used as an addition to common salt, with a corresponding 
change in the amount of sulphuric acid. ^ ThiTs common salt 
and iulphuric acid remain the principal raw materials for the 
saltcake manufacture. ^ 

I4 Salt {sodium chloride') has bcen^dcscribed in detail, p. 4 
et seq. Here we have only to consider which of the various 
technical forms of Sodium cnloride are most suitable for the 
saltcake manufacture. Brine is not employed for this purpose ' 
at all. • 

Bock-salt i^dccidodly an inferior material for the ihanufacture 
of saltcake, if it corffcains miy quantity of impuritie.s. Thus the 
great bulk of the Stassfurt salt is contaminated by calcium 
sulphate ; a’ great deal of the Cheshire rock-salt / contains too 
much ferric oxide, and so forth.* But other descriptions of rock- 
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salt leave nothing to be (fesired in the matter ojfpurity, as, for 
instance, the salt of Neu-Stassfurt. Such rock-salt has the great 
advantage of being almost frcc^from moisture, and consequently 
very strong (98 to 99 per cent.) and of quift^ regular composition, 
thus greatly facitjfating the process. But alf rock-salt labAirs 
under the di.sadvantage that it must be* groufid before putting 
it into the decomposing-pans, and that tHis must not be done* 
too finely, since otherwise the ^a.\t lies as a dead mass at the 
bottom of the pan and is not penetirated by the acitr To avoid 
this, the salt is crushed only roughly, and the fine powder (below 
J-inch) is separated by a sieve witb J-inclT. meshes. It was 
formerly held, but is not confirmed by German experts, that 
fock-salt is more difficult to decompose than pan- salt. The 
former retiuires more frequent and careful stirring than the 
latter, a matter of less importance if mechanical decomposing- 
pans are used. In the 'Hargreaves procc.ss (Chapter V.) rock- 
salt and pan-salt arc frequently mixed. Where salt has to be 
u.scd in solution, as is the case in the ammonia-soda process, 
rock-salt will do perfectly well, and even the anhydrous calcium 
sulphate is then left behind. The red rock-salt of Cheshire is 
hardly usable at all for decomposing, and clay or magnesium 
chloride in rock-salt may also prevent its use. 

Sca-sdlt is generally made in different^rades. That which 
crystallises first contains a little gypsum, but is otherwise pifff, 
and is generally set apart for consumption with food, 
seeSnd quality, that which crystalli.scs betweert sj^gr.*i'23 and 
1-25, contains very little CaS04, but about I per cent. MgClg, and 
is rather damj^ It^is much improved by allowing it to lie in 
great heaps in the open air through the winter months^ the 
rain then washes out most of the impurities, together with 
several per cent, of NaC^, and converts the small crystals^ into 
larger lump.s, of the size of a pea to that of a walnut, which are, 
however, of much looser texture than rock-salt, and readily 
* dissolve in the decomposing-pan. This salt is CKcellent for 
making amnwnia soda as well.^ 

Pan-salt^ on account of its physical structure, is of all salts 
that best adapted for decomposing. • The loo^e crystals formed 
during Jthe evaporation of the brine form a kind of sponge, which 
in the cfecora|)osiftg-pan absorbs the acid and quickly dissolves 
' Cf. Lunge, Qhem. iHdustrUy 1883, p. 228, • 



56 ANALYSIS OF RAW ‘MATERIAlfe AND PRODUCfS 

in it, thus gr\atly facilitating the work. It has tho drawback 
of frequently containing impuritiec, as well as very varying 
quantities of water. * 

The porous natuAi* of pan-salt is recognised by the fact that 
a ctibic foot of it** on the average weighs 43 {b., whilst coarsely 
crushed rock-salt ‘weighs from 76 to 84 Jb., and finely ground 
* rock-salt 70 lb. Thi .4 is to be considerc*d in calculating railway 
freights, in stock-taking, and so, forth. . 0 

By “ pan -salt ” wc here understand merely the coarse-grained 
common salt whicl^ is obtained by evaporating the brine below 
its boiling-point* That ‘kind of salt which is obtained in " 
boiling, and which is of a very fine grain (“ butter-salt ”), is not 
suitable for use in the decomposing-pan, but can be employed 
in the Hargreaves process. 

JI. The s/zZ/Z/ur/r acid used for decomposing salt is always 
the common chambcr-acid, or the acid obtained by evaporation 
in lead pans or in the Glover tower. The usual impurities 
do no harm in the manufacture of saltcakc ; except for that 
which is destined for glass-making, when acid containing iron 
.should be avoided. The arsenic contained in the sulphuric acid 
docs not remain in the saltcakc, but passes over into the muriatic 
acid, and its prc.scncc in this may sometimes be inconvenient. 
Nitrogen and lead (xunpounds in ordinary vitriol occur in too 
small ^juantitics to do any harm. 

greater importance is the concentration of the sulphuric 
acid employ^ ^The best strength is from 140° to 144° Tw. 
Stronger acid, even if it can be obtained without any further 
expense (for instance, by a Glov<r tower), js nefe good for the 
proews, becau.se the hydrochloric acid is given off too vehemently 
and the mass .solidifies too quickly, before it has been* thoroughly 
mixe^ and decomposed. The drawba<^ of too great concentra- 
tion isccrtainly easily remedied by adding chamber-acid, and this 
is regularly done at the factories working with a Glover tower. 
But the opposite drawback of too much dilution is not so easily 
avoided in the ab.sence of a Glover tower, andi if it is too 
expensive to cfjncentgatc the acid in lead pans. No expendi* 
ture should be n^-ecied for* this, however, as the chamber-acid 
can be concentrated to 144'’ Tw. on the top of the pyrites- 
burners. But before this was well known, to avoid the expense 
of concentration by additional Aiel, th^ chamber-acid was taken 
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directly for the decomposing process at many v orks. So long 
as its strength is not beloW 128°, or, at /east, 124° Tw., ao great 
harm is done, but the woiH< is slower and the cc^ndensed 
muriatic acid rather weaker. T]iose manufacturers who do not 
get the chambcr.acid up to at least 124“ Tw.*ought not to . 5 iirk 
the expense of concentration, even if /hey possess no pans on thc^ 
burners and no Glover tower ; for w'eaker acid lot only retards 
the operation very <nuch, makee the condensation more difficult, 
and yields weaker muriatic acid, bAt it also causes greater wear 
and tear of the decomposing-pans. Thisycase may occur in 
starting factories before the plant is*in proper working order ; 
sometimes, for days or even for weeks they must work with 
*acid of, say, 106° Tw. ; but such a proceeding is generally paid 
for by a quick destruction of the decomposing-pans. The 
sulphuric acid may be moderately preheated by the waste fire 
gases from the saltcake furnaces. 


Analysis of the Raw Materials and Products. 

This section is confined to the substances described in 
the preceding pages; the analytical methods for the inter- 
mediate products formed in the course of manufacture, of the 
liquors, etc., will be dc.scribcd .subsequently! Fuller details t]jgn 
are given here will be found in G. Lunge, Technical C hemis ts' 
Handbook, London, Gurney & Jackson, 1908 ; G. Lunge, Temmcal 
Afethods of Chemical Analysis, English translati^, edited by C. 
A. Keane, vol. i., Gurney & Jackson, 1908. 

The descriptions of the mAhods of analysis arc written on the 
assumption that the analyst has already had a training equivalent 
to that cofered by Gumming and Kay’s Quantitative Analysis^ 
Oliver & Boyd, 1919. • • 

• 

• Analysis of Common Salt. ^ 

A complete analysis of common salt is but rarely performed 
in alkali-works. Where the salt is always bought from the same 
source, the buyer is usually content, with 9ini4;)Iy estimating the 
moisture; and in the case of pure dry rock-salt even this 
may be dispensed with. Impure rock-salt must .be examined 
for its accessory substanpes, of* which calcium sulphate is the 
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most important. Apart from this, it is useful to examine for 
magnesia. Any excess of sulphuric jfcid over that equivalent to 
the lime^and magnesia j)resent is ealculated as sodium sulphate. 
Insoluble substances, as clay an^ the like, ought never to occur 
in sensible quantities in salt intended for alkali-works. An 
examination for potash, *irgn, etc., is rarely required. 

Moisture is estimated by very gradually heating 5 g. in 
a platinum crucible, taking care 4 o keep the* cover on in order 
to avoid loss by the projection of small particles {cf. p. 4) ; at 
the end the crucil^ is brought to a low red heat for a few 
mimitc.s. It is useful to Employ as new a crucible as possible, 
and to place the stand with the llunsen burner, etc., on a .sheet 
of black glazed paper, in which ca.se the loss by projection will 
not exceed o i per cent. Where many samples, especially of 
damp salt, have to be tested, it is expedient to proceed as 
follows : — The various samples are weighed in perfectly dry 
Krlenmeyer flasks, holding 250 c.c., and covered with a small 
funnel. The.se flasks are heated on a sand-bath to iqo*" or 150°. 
Within three or four hours the water present as “moi.sture” is 
evaporated and is estimated by reweighing the flasks after cool- 
ing. The “ chemically combined ” water (from gypsum, etc.) can 
be estimated by further heating the dry flasks on a wire gauze, 
b^as its quantity i^ mostly under 01, and hardly ever over 
0‘2j.)r C k^ per cent., this operation is usually omitted. 

IjWloridt is estimated by precipitating the filtered solution, 
after addition pure nitric acid, with silver nitrate and weigh- 
ing the silver chloride ; or, more expeditiously, although not 
quite so accurately, by titrating thfc neutral .soluflon with deci- 
normd! silver solution, employing a little yellow potassium 
chromate as indicator, and going on till the white precipitate 
turns faintly pink, and retains this tinUeven after shaking up. 
The quantity of silver nitrate ;iscd is diminished by o-2 c.c., to 
allow for the excess causing the coloration, and each cubic centi- 
metre of the*remainder is put = 0 003545 g. Cl or 0-00585 g. NaCl. 
Some people are not able to notice the change of colour quickly 
enough, and tHfcse wRl always obtain too high results. The 
change of colour •is^seen much better if sodium arsenate be 
used as indicator; in this case a single drop of the ^silver 
solution in e*xcess causes a distinct pink cotorat^ion, and no 

deduction ihust be made for an Excess eausing the coloration. 

( 
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Lhne ns estimated by dissolvin; the sample completely, 
adding a little dilute hydibchloric acid, and heating, in case of 
need, until all calcium sulphjrte is sure to have been dissolved. 
The solution is filtered from ayy clay, Vtc.^ the lime is yjrc- 
cipitated as oxMatc by ammonia and ammonium oxalate, and 
the precipitate is strongly ignited ip order *to conveit it into 
CaO, which is weighed and is calculated *as su' h or as CaSO^ 
(ioo(>CaO = 2428 CaSOJ. 

Magnesia is precipitated from* the filtrate from the calcium 
oxalate by the usual phosphate mixture, rmd is calculated as 
MgS04 5 however, the amount of*sulphafb is less than the 
equivalent of the CaO and MgO, the remainder of the latter 
•is calculated as MgCl^. 

The estimation oi Sulphate is described in Sulphuric Acid — 
Chamber Process. 

J. and S. Wiernik ^ point out that the magnesium chloride 
in common salt and in brine ought to be directly estimated, as 
the usual method of calculation just described may involve 
serious errors. They extract the dry salt with absolute alcohol 
(sp. gr. 0796), which dissolves nothing but MgClg, and continue 
this operation so long as any chloride is found in the washings. 
The liquor is freed from alcohol, and the magnesia is estimated 
as pyrophosphate, and the chlorine by tftration. These 
ought to agree as regards MgClg. In the original .solution the 
•quantity of magnesia, lime, chlorine, and sulphuric is 
esfimated as usual. The SO3 is first calculatccWbr CaO, then 
for any MgO present in excess of that found as MgClgj any 
excess of SOg^is calculated ^s Na2S04. The chlorine corres- 
ponding to the MgClg present is deducted from thc^ total 
chlorine, ^!id the remainder is calculated as NaCl. 

Ferric oxide and Alumina occur very rarely in appreciable 
quantities. When present, they^are found in the hydrochloric- 
acid solution, filtered from the insoluble residue, and precipitated 
by adding ammonia free from carbonate— that is,* before pre- 
cipitating the lime as oxalate. Alumina and ferric oxide are 
best weighed together, and the iron is eitimat^ in a separate 
sample, by titrating with potassium* bichrefmate after reduction 
with ztne. 

Analysis^ of * Brine. — In this volume we trfeat solely of 
• • 

1 Z, angqy. Chem.y 1893, p. 43. 
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methods employing solid salt, but for the sake of confpleteness, 
the analysis of brine will be briefly (described. First of all the 
specific gravity is taken observing*the temperature. From this, 
after^ reducing it to the normal temperature, the percentage 
of sodium chloride can be ascertained, in the case of very 
j)ure brine, by the aid of, the table gvven on p. 8. In the 
case of impure brine, the composition of which does not, as 
a rule, vary greatly, if taken from the same •source, the sfJecific 
gravity gives at least an intlication of the uniformity of its 
quality. j 

If the brine has to be accurately analysed, we estimate chloride, 
sulphuric acid, lime, and magnesia according to the methods 
described above, and calculate in the same way. The method 
of J. and S. Wiernik {cf. supra) must be carried out with the 
residue left on evaporating the brine on a water-bath. Alumina 
and iron must be estimated, if present. 

In brine, calcium, magnesium, and iron may also occur as 
bicarbonates. These are estimated in a separate sample, by 
concentrating 500 c.c. in a porcelain capsule to about 100 c.c., 
filtering the precipitate formed, washing, dissolving it in hydro- 
chloric acid, and estimating therein CaO, MgO, and Fe by the 
well-known methods. They are calculated as normal carbonates 
etc.), and arc^ deducted from the totals otherwise found. 
Fo^orj inary purposes it is sufficient to dissolve the washed 
precipitate on the filter in standard hydrochloric acid, and^to 
calculate *eveii|p cubic centimetre of normal HCl neutralised 
= 0 0500 g. CaCOj. 


Analysis of Sodium Sulphate. 

Pgre sodium sulphate is quite whitg, forms a clear solution 
in water, has a neutral reactijin, shows no trace of chloride 
when treated with silver nitrate, and yields no precipitates 
with sulphirretted hydrogen, ammonium sulphide, sodium or 
ammonium carbonate, or potassium ferrocyanide. •Commercial 
sulpl^ate is tested in, the following way : — Usually only the 
foreign constitueoits' are estimated, and the pure NajSO, 
calculated from the difference. If it is merely required to 
test the sulphate for one's own use (for alkalf-majcing), where 
it is only a check on the manufacture, the following simple 
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process is*sufficient Twenty gramiries of sulpnate are weighed, 
dissolved in 250 c.c. warm Water, 50C.C. taken out with l pipette, 
and, after methyl-orange ^ has-been added, ''free acid'' i;, titrated 
using normal caustic-soda solution, of vWfich i c.c. corresponds 
to I per cent. SQg when working in the above way. In reality 
the “ free acid ” includes any HCl, as^wCll as halt of the sulphate 
in NaHSO^, and the salts of alumina and ferric '^xide possessing* 
an acid reaction. *The influciice of the last-meidioned saks 
on the indicators is irregular, especially in the cold ; as they 
arc never present in any considerable quantity, this is not of 
much consequence, and their effect is c*ntirely Avoided by working 
in the following way. No indicator at all is used, but standard 
•soda solution is added until the first flakes of a permanent preci- 
pitate appear, which do not redissolve on agitation. This method 
is not absolutely exact, but is sufficient for practical purposes. 

Sodium chloride is found by taking another 50 c.c. of the 
above .solution, adding exactly as much caustic-soda solution 
as had been used in the test for free acid, then a few drops of 
a solution of yellow potassium chromate or of sodium arsenate, 
and titrating with decinormal silver-nitrate solution till the 
precipitate has taken a just perceptible pink shade. Each cubic 
centimetre of the silver solution will indicate 0146 per cent, of 
NaCl, but, when potassium chromate hafs been employed as 
indicator, 0*2 c.c. must be deducted for the quantity required 
to produce the coloration. Instead of the ordinary deciflffmal 
sil'^er solution, it is convenient to employ a solutk)n (Containing 
per litre 2-905 g. AgNOg, which indicates per cubic centimetre 
0-00 1 mg. NaOi. , • 

If an analysis is to be made for sale, a somewhat more acturate 
priocess mfist be employed. Ten grammes are calcined in a 
porcelain dish with the Addition of a little ammonium carbonate, 
and weighed again, by which operation the moisture and the 
free acid are found. The latter is estimated by itself in a fresh 
uncalcined sample in the same way as described &bove. The 
calcined sulphate is dissolved in water and filtered, the residue 
weighed, treated with hydrochloric acid, a«d the %on in the solu- 
tion estimated. The .separation of ^umin^ which only occurs in 
very small quantity, is hardly ever made. The portion insoluble 

* If litmus^were employed as indicator, an error woulH be caused by 
ferric and aluminium salts. • * * 
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in HCl is calculated as sand. In tlic filtrate the chloride can 
be estimated as above, and the Ihne by precipitating with 
ammonijim oxalate. It is, ho\wver, preferable to omit the 
calcining, and to proceed in tl^s manner : — The sample is dried 
at lOo'' C., weighed, dissolved in water, and thb weight of the 
residue (sand and ?i little*ferric oxide) estimated. In the solution, 
which is reduced to I. definite volume, free acid, chlorine, lime 
(to be calculated as sulphate), iron, etc., are estimated separately. 
In this ca.se there is no danger of expelling any HCl. At .some 
English works 07J per cent, is always reckoned for silica and 
ferric oxide, the Iree acid and undecomposed NaCl estimated, 
and the remainder taken as Na^SO^. This calculation, however, 
neglects the lime, and is inaccurate, for even with common* 
pan-salt there is often upwards of i per cent, of CaSO^, and 
with rock-.salt even more than tliat. 

De Koninck^ employs the following plan. He dissolves 50 
g. sulphate and filters into a litre fla.sk ; the re.sidue is washed 
and ignited. The filtrate is made up to i litre ; 300 c.c. of this 
are used for estimating the free acid by titrating with ammonia, 
the latter being added till ferric hydrate begins to precipitate ; 
a little litmus is added and again standard sulphuric acid, till 
the liquid just turns reddi.sh. Al.^O.^ and Ee^O.^ are e.stimated 
b^ adding chlorine- or bromine-water to 200 c.c. of the solution, 
precipitating by NH.,, filtering, etc. In the filtrate the lime 
is TSft'matcd by ammonium oxalate, the precipitate is washed, 
ignited, dbnv^f^ted into calcium sulphate by sulphuric acid, and 
weighed as such. Or all three may be estimated together, 
without filtering off ALO3 and' Fcw0.p i;i which case, after 
adding sulphuric acid and igniting again, AkOg, Fe.,03, and 
CaSO^ remain. Sodium chloride is estimated in 100 c.c., 
as usual, by standard silver nitrate with potassium chromate 
as indicator, the free acid havjng been neutralised by a solution 
of borax. Dc Koninck considers the estimation of moisture 
by heating ^o lOo" C. inexact, because, on the one hand, at that 
temperature .some water still remains, and, on the* other hand, 
the^bisulphate^acts on the .sodium chloride, and hydrochloric 
acid is given off! He thepefore estimates the water indirectly 
by heating 2 g, of sulphate in a covered platinum crucible 
to fusion, at which point water, sulphuric acid,' and hydrochloric 
^ Revue Universellt^ 86, 366 ; 88, 394 ; €hem. NewSy 88, 252. 
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acid escape [an addition* of ammonium carbonate would be 
useful in this case], and deducts from the loss, first, th j “free” 
sulphuric acid; secondly, foi* each 117 parts of common salt 
decomposed (estimated by dissolving aneffitrating the NaCl still 
present) he adds another 25 parts (S04H,?=98, 2 HCl = f3)— 
that is, to I NaCl 0-214. • * 

Isbert and Venator^ dissolve about® 2 g. of the sample* 
in a Jittle hot wafer, add a Jittle ammonia and ammonium 
carbonate, filter from the precipitate, redissolve the latter in 
HCI, precipitate as before, and wash v. ith hot water; the 
volume of the filtrate, with all washingsVnecd not exceed 
100 c.c. The precipitate comprises insoluble matter, ferric 
• oxide, alumina, calcium and magnesium carbonates. The 
solution contains all the sulphate, besides sodium chloride and 
the “ free acid ” as ammonium sulphate. It is evaporated in 
a platinum dish on the water-bath, with addition of a little 
sulphuric acid, and the residue is ignited till all ammonium salts 
are driven off, and weighed. By deducting from the weight that 
of the Na^SO^, corresponding to the NaCl found by titration in 
the original sample, we find the real Na2S04 originally present. 

Grossmann- di.s.solves 3*55 g. saltcake in a half-litre flask, 
arlds 30 c.c. of a cold saturated solution of barium hydrate, 
fills to the mark and shakes up. Two hundred and fifty c.c. 
ot the clear portion are placed in a fla.sk, carbonic acid is^pas^^d 
through for ten minutes, and the liquid is boiled to decc^lffosc 
thef barium bicarbonate. After cooling it is^ilijjed h) 500 c.c. 
and filtered. 250 c.c. of the filtrate (/>., one-quarter of the 
original quantity) is titrated^with normal acid. The following 
reactions have taken place : — % 

1. Na2St)4-f-(A:-M)Ba(OH).2 = BaSO^ + 2NaOH + .vBa(OH)2. 

2, 2Na0H4-.xBa(0H)f+(ar+i)C0.2 = 

Hence the sodium carbonate ultimately found is equivalent to 
the sodium sulphate originally present. Corrections mu.st be 
made for. an^ barium nitrate contained in the hydrate and for 
the bulk of the precipitates, which renders the4)peration com- 
plicated and somewhat uncertain. Jn fact^Grossmann finds an 
inexplicable “constant error” of t- 3 per cent., which is added 
to the result obtained as above. 

1 • 

an^ ew, Chem.y 1890, p. 66. • 


* Newsf^j 114 * 
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Analysis of Acid Sulphate (Biiulphatey Nitre-cake). 

Nitr^-cakc, that is, the rcsicluc^rom the manufacture of nitric 
acid, is a mixture of formal sodium sulphate and bisulphate in 
very varying proportions. For technical purppses it is usually 
only tested for “ frbe ” siflphuric acid — that is, for that present as 
'bisulphate— in order to ascertain how much common salt it will 
take to neutralise this in the saltcake-pan (Chapter III.). & This 
can be done with sufficient e^cactness by titrating a sample with 
standard caustic-soda solution without adding an indicator, until 
a yellow colour of^a perrflanent precipitate is produced. It is 
also sometimes tested for iron and for nitric acid by means of 
the nitrometer (cf. Nitric Acid Volume) ; it ought not to 
contain more than traces of nitrate. 

Those who desire for any rea.son to determine the sulphate 
in nitre-cake or saltcake may be interested in a rapid volumetric 
method for the determination of sulphates given by A. D. 
Mitchell and C. Smith.^ The method consists essentially of 
adding a small excess of N\% barium chloride .solution, destroy- 
ing mineral acid by sodium acetate, adding excess of N\\o 
ammonium bichromate solution, and making up to lOO c.c. ; 
when the precipitate has settled, 25 c.c of the clear supernatant 
liquid arc titrated with N \20 ferrous ammonium .sulphate 
.soTutiqp, using pota.ssium fcrricyanidc as an external indicator. 
Tlil^has been applied to ammonium sulphate, potassium 
sulphate,* ziijt: Sulphate, magnesium sulphate, and copper 
ammonium sulphate, and gives results accurate to about 0-2 
per cent., although in the case cf potassium sulphate special 
precautions have to be adopted to minimise absorption. 
Excluding weighings, five determinations may easily be made 
in ai| hour. ^ 

A nalysis of Hydrochloric A cid. 

The hydrogen chloride in commercial muriatic acid is frequently 
ascertained merely by means of the hydrometer, with the help 
of fhe table «f specific gravities (p. 44). We have already 
pointed out that- the impurities of commercial muriatic acid 
frequently cause great errors in this mode of estimating its 
value, even when the specific gravity has beefi reduced to 15°, 
‘ Chem, Soc. Pi'oc.y 190% 26, 291. 
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as must be done in evefy case ' ence frequently a direct 
estimation of HCl cannot be omirtcd. This can be sometimes 
done by titrating with stancbird soda solution, as h^s been 
described in the case of sulphuric acid *(cf. Sulphuric Acid, 
Vol. I.). But thij can only be done with mflriatic acid nearly 
free from sulphuric acid, or in such cases \^iere a moderate 
percentage of that acid fs not of much* con<fcquei.:e. VVhencvet 
these /:onditions arg not pres(;nt, the HCl must he directly 
estimated, either gra\ imctrically* or, more cx*peditiously, 
volumetrically. For the latter purpose the acid must be 
neutralised with sodium carbonate, fcf whici^ a slight excess 
does no harm, and, after adding a little yellow potassium 
chromate or sodium arsenate, the titration must be performed 
with decinormal silver nitrate, as described, p. 58. Errors in 
this estimation may be caused by the presence of chlorides of 
sodium, iron, or the like ; but the sodium is hardly ever, and 
the iron very rarely, present in appreciable quantities. Free 
chlorine would also influence the above test ; but it is very 
rarely present to any extent, and is then easily estimated by 
the methods described below. In the presence of nitrates 
the titration with potassium chromate does not yield quite 
accurate results, since silver chromate is soluble in nitrates. 

A more accurate method for the determination of chloride 
in acid solution is by use of standard solutions of silver i^itrafe 
ind potassium thiocyanate. No neutralisation is necessar^tfAd 
the accuracy of the analysis is unaffected by •the ^presence of 
iron or nitrates. For details of the procedure, see Gumming 
Sind Kay's Quantitative Analysis. 

An electrolytic method of estimating hydrochloric acj^I is 
Jescribed by Goldbaum and Smith.^ 

Fuming hydrochloric ^cid is conveniently weighed in^the 
*bulb tap pipette,” described in Sulphuric Acid, Vol. I. 

1 The ordinary impurities of hydrochloric acid may be detected 
^nd estimated in the following way : — . • 

Frequetitly it contains sulphurous acid, arising from any 
mt may have been present in the sulphty-ic aci4 employed Jbr 
Ireparing the hydrochloric acid, or fjrom sulphuric acid acting 
Ipon irqn or organic substances. The presence of sulphurous 
pd is most casjly-detected by means of sulphuretted hydrogen, 

‘ J. Amer. Chem. Soc., 1910, 8S, 1468. 
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with which it gives an opaquc-whife colour ; for this reaction, 
however, Cl and Fe.Clc, which ma^* exist in very small quan- 
tities ajong with SOg, must be absent. In the presence of SOg, 
stannous chloride givds a yellowish precipitate of SnSg. 

'The quantitative estimation of SO., is mad^^^y titrating with 
iodine or potassihm permanganate, but the presence of other 
impurities may can A errors. In this case the SOg is oxidised 
by one of the above-mentionce^ reagents, qr by pure hydrogen 
peroxide. ‘The H.^S04 thuit formed is estimated by precipita- 
tion with BaCU, together with the HgSO^ originally present, 
and the latter is^estimal^sd in the .same way in another sample 
before oxidation. 

Sulphuric acid is one of the commonest impurities in crude 
muriatic acid ; it is tested for and e.stimated by barium chloride. 
It must not be forgotten that BaSO^ is soluble in a large excess 
of HCl, and that therefore such an excess must be neutralised 
by pure soda (not by ammonia !) or removed by evaporation. A 
rough estimation of the quantity of IlgSO^ in crude muriatic 
acid can be made by comparing the opacity caused by BaC^ 
with that caused in acids containing a definite quantity of 
H2SO4. For some purposes muriatic acid should be entirely or 
almost entirely free from sulphuric acid — for instance, for re- 
vivifying the animal charcoal used in sugar-works. Muriatic 
^id for pickling iron previous to galvanising (coating with 
zifll^ought not to contain more than i per cent, or at most 
1*5 per cent^ of^SOg (Riirup). 

The above-mentioned “ opacity ” method has been developed 
by Riirup^ into a somewhat mi>re accurate [irocess, sufficient 
for ^e ordinary checking of work, although not for the purpose 
of testing complaints made by buyers. He prepares small 
glass tubes, closed at the bottom, 6 |nm. wide for a length of 
250 mm., and then expanding into a small funnel ; the top 
is adapted for closing with* a cork. The narrow cylindrical 
part is proN'ided with an empirical graduation in the following 
way: — A number of special acids are prepared jDy adding to 
10 c.c. of pufc hydrochloric acid as much sulphuric acid as 
corresponds to q o-6, v- 8 per cent. SO3, and so on up to 
3*0 SOj. These are heated to boiling, washed into tl\e tubes, 
neutralised . eh ’i*i>sodium hydroxide, precipitated with hot 
CAf* CAem* Zet/.^ 1894,* p. 225. 
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BaCU solution, shaken for*two mimitcs, and allowed to settle. 
A mark is made with a dikmonci at the level reached by the 
precipitate in the tube, indicatitip- ihc perccytage of These 
tubes are employed in future by proceeding in a sinylar 
manner, u\, alrrlQst neutralising lo c.c. of the acid by NHj, 
adding 5 c.c. of saturatc^d BaC'L solutjofl, closing the lube with 
an indiarubber cork, shaking vigorously, and reading off th^. 
volume of precipitale ;ff»cr five in inutes’ .settling. Piis method 
is also described by Jack.son in */. Amcr. Chem. Soc.^ 1901, 

P. 799. 

A rapid method of determining* traces ?Tf sulphate is to 
precipitate in a Nc.ssler tube and compare the opacity with 
that produced in various .standard .solutions, using the same 
volume of solutions and keeping all other condition.s, such as 
temperature, time of standing, etc., constant. The method can 
be made more exact by placing a piece of paper on which small 
squares, about 3 min. .square, have been drawn in chess-board 
fashion, and finding how much of the .solution and of the 
tandard .solution must be used to obtain in each case sufficient 
irecipitatc to just mask the pattern when viewed through the 
olutions in Ne.s.sler tubes. 

Free ehlorine is frequently found in hydrochloric acid, 
specially if the sulphuric acid employed in the preparatiijn 
>f the latter contained nitrous acid. A starch .solution containing 
iota.ssium iodide is a good test for its pre.sence; but*if is 
lecdssary first to add .some pure HCl or H2S(54 tc thd reagent 
ti order to ascertain whether it is coloured blue by acidifying 
lone, owing ttf thg presenef: of iodate. Since even fenic 
hloride liberates iodine, it is better to heat the acid anil to 
lold a strip*of iodide of pota.ssium-starch paper in the vapour. 

A very accurate me^iod is the following: — The aciil is 
ilaced in a flask, from which the ^ir is completely expelled by 
i stream of CO^, and the acid is now shaken up with a strip of 
bsolutely clean copper-foil. In the presence n?f chlorine, copper 
I dissolve'd, which can be detected by potassium ferrocyanide, 
:c. Le Roy ^ detects free chlorine by m#ans o^ a solution# of 
iphenylaminc. • • • 

Bromide and Iodide may occur in hydrochloric acid as HBr 
id HI, owin^ to*their presence in the salt. They are tested 
^ Fuil. S$c, CMt^, [3I ii., p. 279. 
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for by adding a very little chlorine-water, and shaking up with 
chloroform, which dissolves bromine with a yellow, and iodine 
with a purple colour^ ^ ® 

ferric chloride^ is found on evaporation to dryness, along 
with any soda, l|mc, and other refractory substances carried 
, over mechanically in^the manufacture of sulphate, or contained 
in the water employed for condensation. According to Stas, 
even quite, pure acid, which on evaporating in a phAinum 
retort leaves no residue whatever, on evaporation in open vessels 
takes up matters floating in the air and leaves a yellow residue, 
frequently containing iron. The strongly yellow colour of crude 
muriatic acid is frequently not caused by iron, but by organic 
substances. The iron is detected by ammonium sulphide; 
potassium fcrrocyanidc, or potassium sulphocyanide ; the latter 
two show it only when present as perchloride. Its estima- 
tion in the absence of alumina is made by precipitation with 
ammonia; in the presence of alumina by reducing with pure 
zinc, adding some phosphoric acid, and titrating with potassium 
permanganate. Titration with permanganate in presence of 
such large excess of hydrochloric acid is at best an unsatisfactory 
process and it is better to use standard dichromate. According 
to Venables^ the iron present in hydrochloric acid is best 
detected by adding a concentrated solution of cobaltous nitrate, 
cqjgiuicd blue by addition of concentrated hydrochloric acid; 
even traces of iron change the colour to green. 

Arsenic frequently occurs in hydrochloric acid as AsClg, from 
the arsenic contained in the sulphuric acid. Houzeau found, on 
the average, 0*1 g. AsClg in a kilbgramme of commercial acid; 
Filhbl and Lacassin, from i-02 to 5-007 g. AsgOg ( = 0-8 to 4-28 
As); Gl^nard, 2-5 g. As.,03; H. A. Smith, 691 g. A'.i203 ( = 5-18 
As); Hjelt (from the same raw mate-ial as Smith), in pan-acid 
of 36° Tw. 0 66, in roaster-aejd of 32° Tw. 0-14 g. of arsenic per 
litre. Arsenic is tested for by Marsh's apparatus, by (Reinsch’s 
test) blaclcening a strip of copper, or by giving a voluminous 
brown precipitate with stannous chloride (Bettendorf). If 
siflphurous a<?id and" arsenic are to be simultaneously sought 
for, Hilger^ adds ‘iodine solution. Should this be decolorised, 
cither SOj or As^Og is present. More iodine solution is thei^ 
added until* an excess of it is present ; the acid is poured into a 
1 Fischer* s Jahresbtr,^ 1887, p. 546. * Wagner* s Jahresber.^ *875, p. 445. 
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test-tube, a few pieces of ztnc arc auaed, and the tube is loosely 
closed with a cork to whith a strip of paper moistened with 
silver nitrate solution is attache 1. If any arsenic was.prcsent, 
AsHj is given off, and the pc^er is Slackened ; if not, the 
original acid is’^ain tested for SOo by first precipitating*the 
sulphuric acid with barmm chloride then adcfing to the filtered 
liquid iodine solution till the colour is pSrmanent, whcrcupo i, * 
if SC\ was originall}' present,# a new precipitate of BaSQ^ is 
formed. 

The German Pharmacopoeia prescribes the following mode 
of performing this test Three c.c. oT the hylh-ochloric acid are 
mixed with 6 c.c. of water, and placed in a tc.st-tubc ij in. 
^vide. An iodine .solution is added till a faint yellow colour 
appears, then a few pieces of zinc; a loo.se plug of cotton-wool 
is introduced, and the tube is covered with a piece of filtering- 
paper, the centre of which contains a drop of concentrated 
solution of silver nitrate (i :3). If arsenic is absent, this spot 
should not exhibit any yellow colour, which turns black on 
moistening with water, either at once or after a quarter of an 
hour, nor should there be any brown shade, blackening towards 
the centre. 

Another test for ar.senic is the following : — A layer of 
sulphuretted hydrogen .solution is carefully poured on to the 
acid; neither at the ordinary temperature nor on placing t^e 
tube in hot water (arsenic acid) should a yellow ring be f^ilhed 
louhd the area of contact within an hour. *rhis te^t shows 
per cent, of As in concentrated acid, but is not quite 
io sensitive witb dili^te acid. • 

I Luckow ^ .showed that by electiolysis ar.senic is precipitated 
'ith dark •brown or black colour and graphite-like lustre; it 
oes not dissolve in hycifochloric acid even on heating, bui dis- 
3 lves in concentrated nitric acid yid in sodium hypochlorite. 

Ziegler* examines hydrochloric acid both for As and SOg 
y passing the hydrogen, produced by zinc, first Ihto a very 
ilute ammcxiiacal solution of copper, which indicates the H^S 
)rmed from the SOj, and then through at weak silver solution, 
^hich decomposes the AsHg. 

Kretzschmar® estimates the arsenic in hydrochloric acid as 

’ Z. anai, i88o, p. i. * Fischer^ s Jahresber.^ 1880, p. 328. 

’ ChimJZHty i%9i, p. 299. * 
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follows The acid is diluted and is' approximately neutralised 
with soda ; to this arc added ammJnia and yellow ammonium 
sulphidos then an excess of pure •hydrochloric acid ; the liquid 
is pj^ced on a water-bath, and y .^S is passed in. After two hours 
all the arsenic is precipitated as As.^S.j, which is*vashed, dissolved 
^ in caustic potash and Jjr^iiyne, and the jyscnic precipitated from 
the slightly acid solution by ammonia and magnesium sulphate. 
The precipitate is thorouglil)' m ashed, disj^olvcd on the'* filter 
in dilute nitric acid, the filtrate evaporated in a platinum 
capsule, and the magnesium pyroarsenate ignited at a red heat. 

For most pu/f 5 ases the following proce.ss will suffice : — The 
AsCl,, in the acid is reduced b\’ SO.^, then As^S.^ is precipitated 
by Il^S, washed, dissolved in ammonia, the .solution is evaporated* 
in a thin gla.ss or porcelain dish, the As, S3 dried at 100° and 
weighed. One part of As.^S; is = 0 6093 As or o 80429 AS2O3, 
Hlattncr and brasscur ^ em[)loy the reaction found by 
sSeybel and Wikander." They employ the hydrochloric acid 
at a specific gravity of 116 to i-i8, and, if necessary, bring 
it up to this b\’ adding sulphuric acid, sp. gr. I 45. Of such 
acid they take 50 cc, add 5 cc of a 30-per-cent, .solution of 
potassium iodide, agitate well, allow to stand for one minute, 
filter the arsenic trioxide cm a cotton-wool or glass-wool filter, 
at^d rinse the vessel with concentrated hydrochloric acid con- 
tai^nj^ 10 per cent, of a 30-per-ccnt. potassium iodide solution. 
Then they place the funnel with the filter on a 300 c.c. 
Erlcnmeyer flask, dis.solve the precipitate by means of water, 
add cxce.ss of sodium bicarlxmate, and titrate with decinormal 
iodine solution. • % • 

3thrbdcr‘* found in hydrochloric acid, sold by druggists as 
“ pure,” so much ora^afiic substance that it possess(^ a putrid 
smeli and decolori.sed potassium ptrmar.ganate even when 
strongly diluted. He belicvcil that this acid had been obtained 
as a by-product in the manufacture of aniline colours. 

R. F. 'barbell * Converts the arsenic into hydrogen arsenide 
which is passed through a solution of iodine in gasd^ine, whereby 
it « converted into Arsenic tri-iodide. Twenty-five g. of the 
acid are treated^^with 35* g, of zinc and i c.c. of stannous 
chloride solution (50 g. Sn per litre). The specific ‘•gravity 

* Ctiem. ic;04, p. 21 1. - ChetPi. Zcit,y 1902, p. 50. 

® Cktpn. tcit.y 1885, p. 857. ^ y. /«♦?. Efig. Che/n.y 1914, 6, 400-401. 
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of hydrochloric acid is firsf adjusted to about m and that of 
sulphuric acid to about i-^o by addition of either water or 
arsenic-free acid. The rcacticHi is allowed^to proceed fgr about 
two hours, with warming if necessary ; tlicn 20 c.c. of sulphuric 
acid, of sp. gr. !**> are added, and the reaction allowed to con- 
tinue for one hour more^ The evolved gases arc passed through 
a solution of lead acetate to remove hySrogen sulphide, and 
then through a bulb tube coi*taining 8o r.c. of purified 6o“ 
gasoline, 20 c.c. of water, and 20*c.c. of a solution of iodine 
in purified gasoline (0-6773 g. per litrcj. (The gasoline is 
purified by washing twice with sulphhric aci( 7 *then with dilute 
sodium hydroxide and with water.) The contents of the bulb 
Itube arc subsequently .shaken with 200 c.c. of sodium arsenite 
solution (0-264 g. ar.scnic trioxidc, i g. sodium carbonate, 
and I g. sodium bicarbonate per litre), the aqueous layer 
removed, and the excess of arsenite titrated with iodine .solution 
(0-6773 g. iodine and i-2 g. potassium iodide per litre). The 
equations given arc : — 

AsH^-f 3l,,-AsI., + 3HI; 

2AsI, + 3 H.. 6 =--As ,63 + 6ni; 

Asp3+ 2l^. + 2H',0 - AsA + 4Hb 

r c.c. of the .solution of iodine in gasoline is equivalent to 
0-00005 g- arsenic. * * 

H. Koclsch^ describes the following rapid method lir^he 
determination of arsenic in hydrochloric acid. *000 hundred c.c. 
of hydrochloric acid are boiled with 200 c.c. of water and 5 c.c. 
of potassium iodide^ solution*(50 g. per litre) until the liquid 
is only yellow o\ faint brown, then after addition of 5 r^. of 
sodiuni^sui()hite solution (25 g. of crystalline salt per litre), 
boiling is continued for ^vc minutes, the liquid diluted to ^bout 
700 C.C., made nearly neutral to methyl-orange with caustic 
alkali, treated with sodium bicarfionate, and titrated with N/io 
’ iodine solution. Small amounts of nitric acid aro» negligible, 
but largef quantities and the presence of substances that react 
with iodine in alkaline solution render, the Method useless. 
For a gravimetric determination the,dilutecka^^id is treated with 
iodide ,and sulphite as described, and the reduced arsenic 
precipitated from* the hot liquid by means of sodium sulphide 
* Zeit.^ I914, 88, 5. 
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solution (40 g. per litre). The' precipitate is ‘ separated, 
dissolved in ammoniacal hydrogen^ peroxide, and the arsenic 
precipibated as magnesium amnfonium arsenate. The results 
we^c in close a^^rceincnt with those obtained by standard 
methods. • 

Selenium occurs ^ very, frequently ip hydrochloric acid, in 
consequence of seleniferous sulphuric acid being employed in 
its manufaefure.^ Divers - derives it from a selenium sulphoxide, 
cIi.ssolved in sulphuric acid : * 

2S(i?( ) ; + 2 HCl - Se .Cl, + H,SO, + SO,. 

Selenium may cause errors in the Reinsch test for arsenic, 
as it stains the copper-foil similarly to arsenic; but if the foil is 
heated in a dry test-tube, a sublimate is formed which dissolves 
in suljjhuric acid with a brownish-green colour.’^ 

Dr Reidemcister, of the Schoncbeck Chemical Works, 
(private communication) states that red-brown deposits of 
selenium (sometimes very pure) occur at times in roaster acid, 
but never in pan acid It is found especially in the connecting 
pipe between the receivers. 

' Cj\ Kienlen, Hull. Soc, Chim., 1882, p. 40. 

^ ./■ -W. CJiem. Ind.^ 1885, p. 33. 

3 Fisihers Jiihrcsber., 1884, P- 348.' 



CHAPTER III 


THE MANUFACTURE OF SALTCAKE AND HYDROCHLORIC 
ACID FROM SULPHURIC A^TD AND SALT 

Hydrochloric acid and saltcakc arc manufactured almost 
"entirely from the raw products sulphuric acid and salt. The 
apparatus used depends largely on whether saltcakc or hydro- 
chloric acid is the more desired product, and is still curiou.sly 
influenced by what was done locally in the past. The earliest 
reference I can find to a British Patent for the manufacture 
of either of these sub.stanccs is in that granted to William 
Sidgewickc (No. 641) in 1749. The “ spirit of salt” is made by 
distilling from an “ earthern long neck ” placed in a “ reverberatory 
furnace ”a mixture of i J lb, of ground and dried sea-.salt and4j lb. 
of dry “powdered tobacco-pipe clay or Fuller’s earth, or indeed 
any clay ” mixed well together, having a capacious receiver ; “ the 
heat is increased gradually for ten hours that the long nctfk niay 
be of a moderate red heat ; continue this hcjit for five hours 
longer, by which time your operation will be finished.” 

Soon after this, the use of sulphuric acid was recognised 
as the best way Tor manufacturing hydrochloric acid from salt. 

ISanuf&cture in Glass Retorts. 

• 

This method is now only of^hi.storical interest, and those 
desiring any details arc referred to earlier editions. The 
process had the advantage of yielding an acfd almo.?t free from 
iron, but suffered from several serious disadvantages. If the 
amount of sulphuric acid used was only ^ufficiPht to give ^he 
normal sulphate, the residue in tlte retofR! broke them on 
cooling.* If excess of sulphuric acid was u.sed in order to obtain 
a fusible residue, there was great danger of getting the hydro- 
chloric acid much contaminated with sulphuric acid. ‘When the 
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process was in use, it was customary to break up the retorts 
in order to obtain the saltcake, ancf the broken glass was then 
sent to a glass-work‘s to be remeltcd. 


Manufactmre in, Cast-Iron Retorts (Cylinders). 

« • * 

This was the type of plant often adopted when muriatic 
acid was tl^c main product, bulP it has been steadily dropping 
out of use. 

In France the cylinder-furnaces seem to have been given 
up some time ajfo ; ^ but in London and several other places 
they exist even up to now, in order to supply a local demand 
for muriatic acid. In 1904 there were still 16 cylinder-furnaces* 
at work in Great Britain, princij)ally in South Lancashire, and 
about 1200 tons .saltcake was made in that way. Such furnaces 
also still exist in the United States, and a few were .still in use 
in Itngland in 1919, so that a description may still be of some 
value. 

The process admits of a larger scale of working than with 
glass retorts. Figs, i to 7 show such an arrangement. Two 
cylinders, A A, lie in a furnace, of which usually a large number 
are placed side i)y side H is the fireplace, C the partition-wall 
between, 1) the fire-arch ; c e the e.scape-holes leading to the 
flues ^ and which open into a chimney common to all the 
furna?bs. The back end of the cylinders is cither clo.sed by a 
ca.st-mct,11 plate or by a wall of bricks with very narrow joints, 
set in mortar of i part of pla.stic clay and i part of burnt fireclay. 
[This latter arrangement will ceftainly no4 stand the action of 
the wiclting ma.ss ; a round flag of .stone or of stoneware in one 
piece is undoubtedly preferable.] This end of nhlT retort 
contgins a stoneware pipe a ; on this i.%put a stoneware junction 
j\ shown on a larger .scale yi Fig. 5 ; and this leads to the 
receivers I. The joints arc plastered cither with clay or with 
g)^psum. The receivers are singly connected with a second row 
of receivers by the j)ipes K ; the second ro\\’ comMuhicates by 
th% pipes L LT at tht end of the row there is a junction-pipe, L', 
for a third row of»tTccivers, connected with a fourth row by the 
pipes L" L" ; a fifth and a sixth row (M N, 0 P) i usually 
ultimately lead to the chimney H. This conneejion, however, 
* E. Kopp, in Wurlz’s ^)kttonMe Chimie, 11., p 1567. 
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is bad ; in the ease of cylinders there is no necessity for pro- 
ducing’an artificial draught in the -apparatus, by which a large 
quantity of acid is carried away without condensation and 
creates a nuisance in the neighbourhood. The receivers should 
and must condense the acid gas so far that rthe gas can issue 
freely out of the last ftf them; otherwise no chimney, but a 
coke-tower, must be employed (see later). 

The front end of the c)dinders is closed for each operation 
by a cast-iVon cover with handle P, a little clay making the 
joint tight ; an opening, R, 2.J in. wide, receives the funnel-tube S 
for pouring in the acid, ahd is afterwards closed by a plug, S . 

The operation is carried on as follows : — The first row of 
receivers is left empty, the others arc half-filled with water; 
the empty row receives the acid contaminated by sulphuric 
acid and sulphate carried over mechanically. The cylinders, 
which are 2 ft. 2 in. in diameter and 5 ft. 6 in. long, are 
charged with 160 kg. of salt, the cover is put on and luted; 
128 kg. sulphuric acid of is passed in through the funnel 

[this IS considerably less than equivalent to the salt], the funnel 
taken out, and the stopper put in. The reaction commences 
at once, and is assisted by a small, gradually increasing fire. 
The metal cylinders can easily be heated sufficiently for the 
conversion of the common salt into neutral sulphate ; and 
tllercfpre no more than an equivalent o*f sulphuric acid is 
cmpl6yed, usually even less, because it is dearer than the salt, 
and its* loss of more con.sequcnce The more dilute the 
sulphuric acid the more it acts upon the iron, and therefore 
it ought never to be below 152' 'kV. ; it wjjl then evolve a good 
dcaLof muriatic acid while still cold, and the fire need only be 
applied later. ^ • 

'j'hc h)^drochloric acid given off condensed in Woulfe's 
bottles. Sometimes each of^them has a tap, T (Fig. 6), of its 
own, but this is not necessar}', and it has become quite usual 
to conncc^ the bottles with one another by rubber tubes or, 
still better, by overflow-pipes taking the acid front the bottom 
of^onc bottle the. middle of the next one, as we shall see 
later. 

In any case the giis travels in the direction K L L' L" M N 0 
— that is, from the c)dinders tow^ards the chimney, whilst the 
water travels in the opposite 'direction, i, 2, 3, 4; so that fresh 
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water meets the gas almost free f^m acid, and th(?weak acid 
formed in this way is concentrated i'n the first rows of receivers 
by stropger gas. Altogether abrut 200 to 208 kg. of muriatic 
acid with about 40 pir cent. [?] of dry IICl, .showing 21’ to 22° 
Baume, arc said t6 be obtained from the 160 kg. of salt. 

The completion of »hc operation i.s- recognised by the gas- 
pipc becoming cold. 'Ac firing is then stopped, and the 
front cover is taken off by mc«ins of a hook put through the 
opening R. ' [There ought tb be in any case, though Payen does 
not mention it, a .set of pulleys, or at least a pulley provided 
with a chain ^nd hook so arranged that it travels easily 
in front of each retort.] Then the saltcake, weighing 180 to 
184 kg, is rakcil out in one or two pieces. This is never purs’ 
sulphate, but either contains bisulphatc, or, where the muriatic 
acid IS the mam thing, uiidecomposcd .salt ; it can only be used 
for very common bottle-glass, and i.s therefore mostly worked 
up III alkali-works into good saltcake. It i.s usually called 
“ cyhndcr-cakc." 

According to Dreyfus (B. P. ,3827, of ,896), the cylinder 
furnaces are worked at a partial vacuum, at a temperature not 
exceeding 2O0" C, His apparatus i.s arranged exactly like 
ValcntiHcrs nitnc-acid apparatus. 


^ Manufacture in Purnaoee. 

pis I.s the method by which saltcake has always been 
made on a largi scale, from the time when it was the principal 
product and muriatic acid only a bv-product, formerly often a 
very troublesome one. ^ ^ 

The saltcake furnace.s, unlike the glass apparatus and the 
iron retorts de.scribed above, always consist of two pa. iT 1 except 
most of the mechanical furmaces), viz. ,-one, consisting of cast- 
iron or lead, m which the ^rst stage of decomposition takes 
place at a lower temperature-the deco,„posif,g-f,an or tot • 
and anothfcr, con.sisting of brickwork, in which the decom- 
posi^on IS completed at a higher temperature-^the roaster 
ot^ drier. mmerly the whole operation was sometimes 
carried out from- beginning to end on the dished hearth 
of an open roaster, all hydrochloric acid escaping ivito the 
chimney along with the fire-gas, but this Barbarous style of 
manufacture will not be described hwe at all. The in all 
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cases is hdated from the Aitside, although in some rases a 
further heating from the top is added. The furnace, however, 
is either an ordinary rcverberai:ory furnace or open roii^ter, or 
it is heated partly by the direct flame find partly indirectly 
through the botk^m (gas-furnaces^, or entirely by indirect h^at 
(muffle-furnaces or blind roasters). 

The principal matters to be attended To in 'on.^tructing a 
furnace are the follo'^’ing : — ^ 

(1) The Condensation of Ilydrochltfric Acid— dbnstruction 
of the decomposing apparatus varies according to whether the 
object be that of obtaining the strftngest a^id for sale, or 
moderately strong acid for consumption within the works, 
€r only weak acid for running away. Only in the last case, 
where nothing but very weak acid need be got, can pans 
worked b)’ an open fire be employed ; where acid is to be u.sed 
as it is made, the calciner may be cither a close or an open 
roaster ; but where sale-acid has to be made, close roasters are 
nearly always preferred. The reason for this difference is quite 
obvious, viz., that the muriatic acid can be made all the stronger 
in the condensing-apparatus, the less it is mixed with air and 
fire* gas. 

( 2 ) Turning out large quantities, with the largest possible 
sa^'ing of time and wages. In smaller works contrivances may 
be u.sed w hich are ofit of place in large w^orks, where ver>^ large 
quantities have to be turned out, and vice versa, Thtw, for 
instance, more w ork can be done wu'th open rdlisters than with 
close ones, and most of ^11 wdth furnaces where the pans are 
equally heated fsom ^bove by the open flame, though in the 
latter case only w^ak acid can be obtained. The heating o^the 
pan by^iirtvaste heat of the roaster is also, at least in England, 
principally confined to sgialler works; in larger works thjs is 
not alw'ays done, because it makes one part of the apparatus 
dependent upon the other, so that one must frequently wait for 
the other, and nothing like as much work can be turned out in 
the same t1m« as wdth separate fires. The extent of production, 
of course, must also determine the size of tjie fum^ccs and p^s 
and even the ma^erial of the latter. cast-ir^ pans much more 
work cag be done than in lead pans, because the former can be 
used much mjre refughly and fired more intensely. .The largest 
prodfletion is possible in the mechanical furnaces. , 
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(3) The Consumption of Fuel. — ii^here fuel is deal* and wages 
low, opposite considerations prevail to those stated just now for 
large pfoduction. The furnaccscarc then constructed so as to 
consume as little fuel' as possible; the pan is always heated by 
thfc waste fire of <i[he roaster, sometimes even both were heated 
by the waste heat of a h»ack-ash furnace, but with the result that 
much Ic'ss work could be done in a furnace during a given time. 



t I’lG. 9, 


(4) The Purity of the Saltcake . — Where the object is that of 
making: sa<tcake for glass-works, as free from iron as possible, 
lead^ pans as prescribed by Leblanc are still ^jsed. Thus 
ii\. Belgium, for insttnee, sulphate of soda is made containing 
only 0 00" per cent, of iron. Where, however, the purity of the 
saltcake is not so material, as for alkali-making, lead pans have 
been almost everywhere supplanted by c&st-irpn ones, first 
introduced in the year 1 839,* when. J. C. Gamble took out a 
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patent for cast-iron saltcake pans. H. Lee, at Felling-Oii-Tyiie, 
had at the same time made the same invention. The lead pans 
are usually oblong with a slantfng side fo;; pulling out the salt- 
cake ; the metal pans sometimes^ but rarel)^ have the saijie 
shape; they are nearly always shallow dishes^in the shape of 
a .segment of a sphere oast very thick ;^th§y will be described * 
in detail further on. 


Saltcake Furnaces with Lead Pans. 

The oldest saltcake furnaces with open roasters were those 
constructed by Leblanc, and known in France as bastringiies. 
They arc repre.sented in Figs. 8 and 9. They are described 
in detail in the first edition of this work, Vol. II., pp. 52 to 56, to 
which the reader is referred, as the bastringues are now quite 
obsolete. The same holds good of the Belgian calcining- 
furnace with two pans, shown and described in the same volume, 
pp. 56 to 60. 

Much better are those furnaces introduced later on in 
Belgium and elsewhere, which combine lead pans with muffle- 
shaped calcining furnaces. Instead of describing the furnace, 
which was figured in the Belgian Blue-book of 1855, and 
and which has been copied into some technical works, a more 
recent construction is .shown which was actually at woiAi in 
Belgium, and is here repre.sented in a sectional elevation and 
iwo sectional plans (Figs. 10 to 12). A is the ^replace, B the 
muffle ; the flame passes between the muffle-arch a and the top 
arch b, which is iirade* double, ind contains an air-space, c, to 
lessen radiation. The air-channels d d, opening outside, se^e 
for codfflp^nd protecting the adjacent parts of the furnace. 
The flame descends in tlie flues e r, and pas.ses through f f 
underneath the bottom, of the snuffle ; the latter is made 
specially strong near the fire end, on account of the danger of 
fluxing, and also at the back end. The openTngs h It serve for 
cleaning oufdfe flues, and arc usually clo.sed. From the bottom 
of the muffle the fire either pa.sses through i diftctly to th€ 
chimney, or first underneath the lead |Jhns C Ohe dampers k k 
permitting precise regulation. The plan Fig. ii shows very 
well how the ^ans *arc supported from below. Thfe pans are 
^ in. thick, and stand on ca^-iron plates, preferably doifble ones 
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with 2 in. air-space betweenyo prevent the lead melting. Small 
holes can be repaired ;>/ si/u ; and one pan may be working 
while the other is under rcpafr. The air-ghanncl / serves for 
cooling. The side of the pan ^lext to the furnace slants 
upwards, so as tm facilitate pushing the charge' through the 
gangway m into the npaster B. Th# cynnpc) « is usually 
shut, as the muffle-gas is strong enough to admit of being 
mixed with the pan-^as , but if tiurjatic acid free from sulphuric 
acid has to be made, the pan-gas must be separated from the 
roaster-gas by the dainpci The finished saltcake is drawn 
from the working doors t? o into boxes, in whieh it is wheeled 
away to the warehouses. 

* This furnace can put out as much as 5 tons of saltcake in twenty- 
four hours Its exact dimensions arc: total length 39 ft. ; outside 
width of the roaster ii ft. 2 in., of the pan-furnaces 16 ft. 5 in. ; 
grate 2 ft. 7J in. wide, 5 ft. 1 1 in. long; height of the firebridge 
above the grates 5 ft. 1 1 in. ; thicknc.ss of the side walls of the 
fireplace 2 ft,, air-channels 4 in. wide ; depth of the flue on the 
top of the muffle 12 in ; thickness of the upper arch I ft. in. 
(inclusive of a 5-in. air-course in the middle), of the muffle- arch 
4 in., with a few strengthening ribs as shown in the diagram ; 
thickness of the muffle-bottom 3 in., but in front and at the back 

8 in. ; inside length of the muffle 19 ft. 6 in., width 7 ft. loj in., 
up to the working-doors 9 ft. 2 in. ; height up to the spring of 
the arch 8i in., up to its crown i ft. 10 in. ; gangway between 
the muffle and the pans i ft, 9 in. high, i ft.*4 in. \ 7 lde ; flue 
underneath the muffle 2 /t. 3.} in. in the middle; flues under- 
neath the pans i— in. hl^h ; communication between the 
flue underneath the muffle and those underneath the pans i ft. 

in.^ilafe; pans } in, thick, 7 ft, loj in, long at the bottom, 

9 ft. 2 in. at the top, 5 ft. rf i in. wide, i ft. 5 in. deep. • 

The employment of a blind rgaster is not indispensable for 
obtaining saltcake sufficiently pure for glass-making, especially 
with a deep fireplace as here designed and with* moderate 
draught ; i^Sids been made compulsory in Belgium merely for 
the better condensation of the muriatic •acid. •We shall age 
below what rules have to be obsciwed in this respect in the 
constru- ion of blind roasters. 

In a factcyy wRere saltcake was made exclusively for glass- 
works, Lunge obsciwed the followiftg mode of work The decom- 
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position of the salt takes place in c^paratively very small lead 
pans ; this admits of reguLating it very accurately, and driving 
the reaction in thc.p^an up to 75 per cent., so that the mass, 
on being moved over into tl>e roaster (which in this case is a 
reverberatory fun?ace, fired with coke), instantly solidifies. 

Saltcake Furnaces with Cast-iron Pans (Pots). 

Much more widely u.s^d than decomposing-furnaces with 
lead pans are those with cast-iron pans, now cmplo}Td \\'herever 
saltcake is mack for the* manufacture of alkali. According to 
Henry Deacon,^ the first inventor of the present decomposing- 
pans was J. C. Gamble, who, on 14th March 1839, patented 
a kind of rectangular flat-bottomed retort. Directly after, 
H. Lee, having opposed and defeated Gamble’s patent, intro- 
duced a pan, shaped like a large cast-iron spoon, whose 
broader side was turned towards the workman, the smaller 
side towards the roaster. Gamble then introduced a round 
“ pot,” smaller and deeper than the present shape, and placed 
in an outer pan for protection. From this the present 
shallow uncovered pan, directly expo.sed to the fire, has been 
developed. 

In .some rare ca.scs the form of the pan resembles that of the 
lead pans just de.scribed ; and the}' are then heated by the waste 
fire of the roaster, preci.sely in the same manner. Mostly, how- 
ever, thdy arc s^iallow cast-iron di.she.s, 9 to 1 1 ft. in diameter, 
and I ft. 9 in. to 2 ft. 6 in. deep ; tjjcir thickness varies from 
5 to 7 in. in the centre, and frftm 2 tor^ i n . near the edge; 
their weight is from 5 to 61 tons. Their edge is either quite 
even (Fig. 13), or provided with a plain horizojfTaF flange 
(Fig. 14), or with an up.standing margin on a horizontal flange 
(Figs. 15 and 16). These f^rms differ, especially in respect of 
the boiling-over of the mass and the escape of acid vapour. 
At the present •time (1922) ail the above types of pan 
are still in use, according to local preference. -Possibly the 
fjjvouritc is thiit shnwn in Fig. 17, with dimensions suitable 
for a charge of ^ ton. 3 'he cover is very frequently formed 
by an arch independent of the pan, so that the ..latter, if 
cracked, can be taken out without any loss of time and replaced 
‘ CfumPNcws, 1(3^. 
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by a new oYic. Only the fi»nt wall of the pan furnac ^ ab( ve 
the fireplace need be taken away and rebuilt ; and the exchange 
is all the easier, as the paiv for other jjractical reasons, is 
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always set so that the bottom is #iearly on a level with fhe 
ground • and the fireplace is built underground : this is done 
in order to h^ve the working-door of the pan just^ the proper 
working height, say 2 to 2 ft. 6 in. above the ground. In 
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laying out the dccompo.sin|-housc, care should be taken tnat 
sufficient free space remains in front of the pan-furnaces, so 
that the pan can be pulled •out by ine^uis of a wirtch and 
a new pan can be run in, for «which purpose, as no work 
is going on, all the furnacemen, etc., will b& available. 

The pans usually one or tw(^lu[^s c«fs! on, into which 
the chain (T the winch is fastened. The new pan i^-* placed on a 
strong wooden or iR^n bogie and run with this underneath the 
pan-arch, the bogie-wheels sliding on loo.si , flat, iron bars; the 
old pan is likewise run out on a bogie, or directly on the flat 
bars, previousl)' greased with wagon-grease. At larger works 
there is always a pan ready on a bogie, or at least supported in 
'such a way that a bogie can be run underneath and no lime be 
lost V/ith energetic work no more than twelve to fifteen hours 
need elapse between the beginning of pulling down the brickwork 
of the old pan and finishing that of the new pan. At some works 
where all the pans are .set in a single row, a railway runs 
parallel with them, which .serves partly for taking away the 
saltcake, and partly for taking out cracked pans and putting in 
new' ones with the assistance of a travelling crane. 

In the case just dc.scribcd the pan can be kept in u.sc a good 
deal longer than usual, if turned 90'' every three months, so that 
fresh .surfaces arc always offered to the wear and tear in the 
worst places ; pans* can thus be made to last for eighteen 
months, • 

It is not quite so convenient if the arch is n 5 t independent of 
the pan, but rests upon thg edge of the latter, as in Fig. 16. Figs. 
20 to 23 (pp. 96 .^-5^ show tfiis arrangement. In other ca.scs 
such pans are built with a straight cylindrical wall, resting on 
the fftm-cJge and covered by a horizontal circular metal plate. 
In this case, when the pan cracks, the top arch, etc., mu§t be 
taken down and rebuilt after putting in the new pan ; this causes 
twelve to sixteen hours’ detention, in addition to the time stated 
for resetting the pan with independent arch. Thcf stoneware 
pipes for the acid gas, starting from the centre of the paq^arch, 
must be carried in the timber of the rocif in such a way 
they need not be taken away when the arch is pulled down : 
there ‘ ^no question of this where the pipes are placed sideways. 

The reaspn why such an arrangement has been preferred 
at many works, although the •pan-arch has to be rebuilt 
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every time, snd time End wEg^es 2^pe thus lost, is thEt only in 
this way can an escape of acid vapours into the chimney be 
with certainty prevented. With^ the ordinary pans (Figs. 13 
or 14) standing loo.scly withiiiuan arch and either just touching 
it with their edge^ or connected with it by a low wall, it is very 
likely to happen \ha^, or ^the contents of the pan boiling over 
(which cannot always be prevented), the acid will partly destroy 
the brickwork and open a^slip^it communication between the 
space above the pan and that below it (viz., the fireplace). By 
the expansion and contraction resulting from great changes of 
temperature, th(* pan is afready loo.scncd and is easily detached 
from the arch, so that cracks and other communications of the 
kind just mentioned are formed. But since the draught of the* 
chimney serving the fireplace is necc.ssarih' much stronger than 
that of the condensing-apparatus, which is in connection with 
the space above the pan, a good deal of the gas given off from 
the pan will incvitabl}' be drawn downwards into the fireplace 
and thus escape directl}' into the chimnc}^ as soon as the least 
communication exists between the space above and that below 
the pan. The smallest hole suffices for this ; and it may la.st a 
long time, and much nuisance and damage may have been 
cau.scd by the e.scape of hydrochloric gas before it is even 
noticed. This drawback is thoroughly prevented by the 
arnwi^ment of re.sting the arch on the pan-edge itself, if the 
latter ?s bent upwards and visible outside, as shown in Figs. 16 
and 20 ; lor even if a hole is made in the pan by any acid 
boiling over, which cannot happen .so easily on account of the 
turned-up flange, the gas i.ssuingH'rom it ^m3r..t escape into the 
working-space itself and must be noticed directly ; in no case 
can it get into the fireplace. This drawback is not s5'likely to 
occui in the case of “ plus-pressure furnaces (see later on), so 
that the simpler forms of pai\s may be used with these furnaces. 

In order to avoid the boiling-over of the contents of the 
pan, and tflc awkward consequences thereof, sometimes a cast- 
iron ting, 10 in. high, is cemented on to the top<»f the pan. 
This allows ttfc^ arch *‘to be kept separate from the pan, and is 
practically sufficient, as the contents of the pan never rise to 
the top of the ring. 

An arrangement figured in Muspratt's Chen'istry (iii., p. 
908), and 'copied into many tdxt-books, is also greatly recom- 
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mended in Hofmann’s AV/^/ dv the Jurtes (1862). It seems to 
be obsolete now in England, but was observed by Lunge in a 
German works some }'ears agA It consists in providing the 
pans with sheet-iron dome-shap«d covers, bricked over ; the 
flame of the fire[Macc first travels over thesef covers, and then 
underneath the pan-botkmi. The whpjc if^a do^-cd iron muffle, 
only provided with openings f^r charging, shoving, and carrying 
off the gas This ^on.tructioi» is jcostly and comylicated ; it 
makes the renewal of a pan more troublesome, and facilitates 
the escape of acid vapouis by any hole in the iron dome; the 
heating from above (loe\s no good, except indir«:tly by keeping 
the diiecl flame t)rf the pan-bottom, which can be easily done in 
any case b\^ proper setting, as we shall see below. In fact, at 
the German works where this style of cover has been adopted, 
the fire first goes underneath the pan-bottom and then over the 
top, where its only use is to protect the dome from being acted 
upon by the acid vapour, by keeping it hot. The arrangement 
drawn by Muspratt has never been general in Lancashire, as 
erroneoLisl)’ rej)()rted b)’ Hofmann; it was only adopted at a 
few \\urks, and seems to have been given up everywhere for 
many years past. Another arrangement (not to be confounded 
with this, and still found at s(une Lancashire work.s) consi.sts of 
cast-iron domes for ll\e pans, without any fire passing over them ; 
the\’ stand in the place of pan-arches ; and on the occasion of 
renewing a pan its dome can be pulled up and let down ^gain. 
Sometimes the)' are covered with bricks to keep thcii^ hot, and 
thus protect them fitun tUc acid vapours. 

^ The material erf ’Pffl* pan i.s^f the greatest importance for its 
durability. It should be considered what demands arc n»dc 
on sudi a casting. It is expected to .stand, without cracking, 
frequently repeated changes of temperature between thc^cold 
salt and acid, heated at most Ip lOO^ C, and the low red 
heat required by the reaction on the other hand. It must 
even stand, to a certain extent, the caking-on^ of crusts 
and the gf*cat local superheating consequent upon thi.^ not- 
withstanding the great thickness which » givCif to it for tjjc 
sake of durability. It has further to resist the attack of the 
fire frr » below and the much worse attack of the hot acids and 
the fusing biaulph^e from above. In fact, even under the most 
fevourablc conditions, it €an do •this only for a cert.aio time: a 
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pan is considered to have done go(^ service indeed if it works 

nine months and turns out 2500 tons of saltcake. Sometimes 
they last longer — up to 4000 tons, but mostly much less ; and 
now and then they crack after a few days’ use. In order to 
stand at all, they fiiust consist of a mixture of’ several brands of 
pig-iron (kept sct:re^ by. the founders); and must be cast with 
the greatest care. Pure charcoal pig, for instance, resists crack- 
ing by changes of temperature* better than coke pig, but it is 
too .soft and too easily attacked by acids. 

It will be useful to remember in this connection Lunge’s 
experiments onM.hc action of .sulphuric acid on various mixtures 
of ca.st-metal {Sulp/iuric Ad(i). F()hr‘ justly blames iron- 
founders for making vc.s.scl.s intended to treat acids and alkalis,* 
viz., .saltcake pans and cau.stic pots, from the same mixture of 
pig iron. 'Phosc which have to resi.st acids should be rich in 
chemically combined carbon, with little graphite, much 
manganese, and little silicon. The metal ought to be tested 
by putting a sample in fu.sed bisulphatc of potash; 5*6 g. of 
metal with 27-2 g. of KHSO^ should not lose above 25 per cent, 
of its weight. 'I'hc pans arc of course cast in loam — not in 
brick-out pits, however, but in cast-iron moulds thickly lined 
with loam, placed bottom upwards and provided with many 
holes for the escape of gas ; a feeding-head of 9 in diameter 
and. 2* ft. height produces a dense casting, any blowhole, of 
course?, making the pan useless. In England the casting of 
decomposmg-pans was formerly a monopoly of Messrs R. 
Daglish Co., of St Helens, and the Widnes Foundry Company, 
of Widnes; for a number of yeai^s past s’^ial other foundries 
hav% also successfully taken up this work, as Messrs John 
Abbot & Co,, of Gateshead, William Black, of South Shields, 
Johrt Varlcy cS: Co., St Helens, eta* On the Continent, the 
decomposing-pans must generally be taken from the nearest 
foundry at which they can be obtained ; the alkali-works are 
therefore flearl}' always compelled to abstain from heating them 
directly, and to employ merely the waste heat of Ine roaster ; 
sa that their ‘^Nt'hole ‘.style of w'orking is different. There the 
pans rarely last, on an average, above 1500 tons of saltcake. 
They will last longer if the mixture is conveyed frOin them 
into the calcining-furnace in a thinner state. 

‘ ^ Fischcf^s Jahresber.^ iSSh, p. 295. 
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According to a Gcrman^atent of the Grusonwerk, Madge- 
burg (No. 45121), saltcake pans are made with a fireproof 
bottom, as shown in Fig. 18. The bottom is cast with# 'outside 
ribs, of a dove-tail scftion, and Jhc spa(?es between them are 
filled up with firf*cclay. Several alkali-woiks arc stated to 
use these pans. [The diagram suppliecl from^thc Grusonwerk 
seems to refer to a caustic pot. This^ wilT, h(n\cv(‘r, make D j 
difference in the pruiciple.] 



Fig. 18. 


Blugcl (Ger. P. 4207) proposed making saltcake pans entirely 
from^brickwork, but this, of course, did not turn out a success. 

It is hardly nccessar34to mention that the way of setting the 
Pans (which will be described i^ detail later), and especially 
also the treatment of the pans, have very much to do with their 
durability, and that only very reliable and skdled men should be 
employed ^ipon them. If the workman allows thick crusts to 
-a e to his pan and, perhaps, pushes them«off again suddenly ,^r 
I he allows the pan to become red hot towards the finish of the 
operat' u, and then at once charges it again with cold salt and 
acid, and s(^ forth, the best pan may be cracked. This is at 
perceived tJtrough meJtedijjsulphate getting into the tire^ 
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place ; and in this case it is the rjftic in the best works to stop 
the work at once and to replace the cracked pan by a new one. 
It is cfiiten possible to work on, a few days with a cracked pan, 
but with great loss (tf saltcajce and gas, It is practically im- 
possible to patch <it, for riveting, cementing, e,W., do no good, as 
has been proved by innumerable attem|^ts. 

The lower porti()ns of the pan-setting, such as the fireplace 
itself, the arch over the same, tl^e annular w^jll carr}dng the pan- 
edge, etc., Sre touched as Ifttle as po.ssible on rc.setting a pan, 
unless they require repairing at the .same time. The fireplace 
must, in 3!iy c^ 4 ,se, be ciwistructed so as to avoid overheating 
parts of the pan-bott(^m, by which it would be most readily 
cracked. That this happens through unequal heating of single* 
places can be perceived on cleaning out a cracked pan, when some 
places will aj^pear more brightly red hot than the remainder. 
Frequently this can be remedied by enlarging or narrowing one 
or more of the “ snore-holes” an inch or two ; and the practised 
eye of a skilled furnace-builder mu.st here frequently supplement 
the drawings. In order to avoid the damaging action of the 
direct flame, the firegrate is cither placed very much below the 
pan, or a perforated (pigeon-holed) arch is placed between, as 
.shown in the diagrams. 

On the Continent it is the almost univer.sal cu.stom to heat 
the dccomposing-pans b}’ the waste fire of the muffle-furnaces. 
This not merely effects a saving of fuel, but it also almost 
entirely prevents cracking of the pans by an cxce.ss of heat, 
and admits of cmpU)ying an inferior, kind of casting, which, 
however, will tell on the life of the paTWh- In England the 
sanif arrangement is frequently found in .some of the best 
managed works, but in many others it is preferred to heat the 
pans ^ by a .separate fire, which makes diem independent of the 
work of the roasters and admits of getting through a maximum 
of work. This, of course, refers to muffle-furnaces (blind 
roasters). Open roasters should always be provided with 
separately fired pan.s. A ver>' good arrangemenri is this: 
ordinarily the^p^in is. heated by the waste fire of the muffle, 
but whenever the pan is under repair the furnace-fire can be 
sent directly to the chimney by a separate flue. 

At some alkali-works the sulphuric acid, which is conveyed 
direct from the sulphuric acid works in a lead tube, arrives 
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sufficiently hot, for instan^ from t!\c Glover-tower or from 
a tank where tower-acid aiid chamber-acid are mixed. But 
where this is not the case, thc^'c ou^ht always to be avspccial 
small pan provided {or hen the sulphuiic acid, made of cast- 
iron lined with l^i^'id, or of acid-proof stonc\\^re, heated by the 
wa.ste-hcat of the pan-fy e or b}' a stcam-pipcji and at the .same 
time servin^^ for measuring off thd^ acifl re(j>iired for cac} 
operation. It is this purpo.se furni.shed with a ^la.ss float 
or v\ ith a fixed leaden scale )Utflow oi the ac^d from the 
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meas^rin^-box into the pan is produced by a perpetually filled 
siphon, for in.stance, oik^ like Fig. 19. The sulphuric acjd in 
this small pan is heated up to ^80'’ or 100" C.; without thi.s 
preheating it is much more difficult to keep the decompo.sing 
pan from cracking. , # 

The n^ntittig-in of the acid into the pan has also to be care- 
fully attended to. If there is sufficient faJl at flisposal, tlic acid 
ought always tr be run in at the top>, in the centre of the pan- 
arch r rlose to it ; for this purpose there is usually a .short cast- 
iroa pipe p^;pvidefi, firmly connected on the outside with the 
lead pipe conveying the acid •from the measuring-box, and 
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frequently ending inside wi^ a rose I'or scattering the acid in 
a fine spray. In this ease the acid always runs on to t^e salt 
previously thrown in, without Groining iny^ •immediate contact 
with the pan, and the cast-iron pi|3C itself lasts a considerable 
time, because it becomes hot and no acid can* ever lodge in it. 
If, however, the measuring- vessel has b^ })lared lower down 
and the acid must be run into the pan sidewa)-s, this must never 
be done along the edge wf the |3iin, [K-causc thus a cl^inncl will 
souii be formed in this place, and a crack will be the consequence. 
In this case the lead pipe must be put into a casUu»fl one, 
projecting pretty far into the pan, so tliat the (fbid may get to 
the salt itself without running down the pan. This pipe will 
not last long, but it saves the pan. Stoneware pipes, etc., cannot 
be enqiloyed, even if they would stand the changes of tempera- 
ture, because the men too often push their tools against them 
and thus break them 

Saltcako Pans combined with Reverberatory Furnaces 
(Open Roasters). 

In the first edition of this work, p. 72, a combination of a 
pan with two reverberatory furnaces is shown, where, as ail the 
acid vapours were mixed with fire-gas, only hydrochloric acid of 
4*' to 0 Tw. could be condensed, which was partly used hr 
bicarbonate, but mostly run to wa.stc. Such ^ pans with the 
roaster- fire heating them from the top were even then only 
except i(»nally met with. ^Now that muriatic acid forms an 
essential economic faclf^r at s<fltcake work.s, such an arrange- 
ment is simply impossible. • 

Muth better is the combination where the pan-gas, and the 
gas from a reverberatory furnace are taken away separately. 
Such a con.struction, which has practice proved entirely 
successful, is represented in Figs. 20 to 23. 

The diagrams will be understood without ifluch explanation 
(all the dimensions are marked in metric measure). ^Fig. 
20 is a sectional elevation through the lin^ A B Of the plan ;■ 
Fig. 21 a sectionrl elevation through the line C D of the pre- 
ceding yrc; Fig. 22 an outside elevation; Fig. 23 a sectional 
elevation throqgh the line E F of the plan. The pan in this 
case is provided with a flange and*upturned edge and^ dorae- 

G 
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shaped roof, which has to be takeiii down and built up every 
time a, new pan has to be put in. This, however, only takes 
a few hours, and ‘the arrangefticnt affords absolute security 
against any escape of hydroehloric-acid -gas from the pan into 
the chimney. ^ 

The fire of the m)ast<^ travels fronf the grate a, through the 
roaster b, into the flue r, and then into the condenser for roaster- 
acid ; thctgas of the pan g<^es independently through e into 
the pan-condensers. The roaster has two working-holes, / /, 
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with bars for supporting the tools, and with doors made of a 
firL'clay tile in an iron frame, balanced by a chain, pulley, and 
weight, as shown at // i« a balanced double damper of cast- 
iron, running in a groove of the gangway between pan and 
roaster, 'and \u\ed with salt. Such double dampers, kept 
asurder by stay-bolts, are preferred, because single dampers 
are very quicKly \torn out at the edg'cs by the acid vapours, 
and then allow the pad-gas from d partly to escape into the 
better-drawing calciner b; since the space between the ttvo 
damper-plates is hWed with salt, it is kepf sufho'ently gas-tigbt. 
The ftange Ihc pan is* interrupted at i and k (or the 
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charging-door and the sho^»ing-holc. I is the funnel for the 
sulphuric acid, which, if there is sufficient fall, is better, 4 Dlaced 
near the centre of the arch, so* that the acid will run into the 
middle of the pan on to»the salt ; otherwise, as mentioned above, 
a cast-iron pipe (*quickly wearing out) has fo be used. The 
diagrams show how the Replace bclo\^thc^an is laid out so as 
to protect the pan-bottom from the direct action of the fire ana 
to heat it as equally a*s possible. The»;izcs of the snorciioles, etc., 
are all results of experience. Exactl}' the same sizes must be 
chosen if the pan is not, .is dr.iwn here, provided dome 

* resting upon its own fl.inge, but with a b.arrcl-arch independent 
of it The fire on the grate in is covered by the arch n, which 
Ts pierced only sideways with holes, whose .section becomes 
larger from front to back ; thus the pan-bottom is not in direct 
contact with the fire. The fire pkays all over the pan ; but it is 
first kept in by the circular wall o o, and escapes only by its holes, 
different in size, according to the direction of the draught, into 
the outer annular sp.ace, where it heats the upper part of the 
pan, and ultimately into the flue p. 

In the case represented here the pan is placed at the end of 
the rc'.astcr, and both arc charged at the same side. Conse- 
quently the working-door of the pan is at right angles to the 
shoving-holc. The conveyance of the half- finished saltcakc is 
effected by “casting” it with a long-handled .shovel, curvtd^so 
as to fit the pan-bottom. Such pans arc called “ castijig-pans.” 
If the .shoving-holc is just opposite the w'orking-door, the charge 
is pushed or shoved ovcj^'ith a long-handled rake shaped so as 
to fit the pan bottom, and the pan is called a “ .shoving-pan.” 
The former kind of labour is rather easier than the latter ; Blit 
the arrangements must suit the locality. Sometimes placing 
the pan in the centre o^ the back of the roaster cannotf be 
avoided, in that case the charge? must always be “shoved.” 
The fireplace of the pan may also be placed sideways, instead 
of endways, but preferably not at the same side as the working- 
door, because then the fire-cave would have to be archecLover. 
Sometimes the sole of the reverberatory furnacT is heated from** 
below by the wustc pan-fire. * 

1 1 'fpen roasters are heated either by coke or coal. The 
former is dearer tKan the latter, especially as the cheaper 
gas-coke does n* >t awswer very* vjeW, "vt. burtva away 
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quickly ; and in the end the more expensive oven-coke pays 
bctternbecause there is much less of it used Many works burn 
their own coke (of tbis purpose from suitable coal. Still coke 
fires arc mostly j)rcferrcd to’ coal, becau’se with the latter very 
much soot is fqrmed, the fire-gas being considerably cooled by 
the evolution of ac^d v*i^X)urs on the roaster-bed ; and in order 
to prevent the pipes and condensers from being stopped up with 
soot, the fi)rmer must be niiadd* very w ide, and the latter packed 
very openly with loosely placed brick.s. They must also be fed 
with a^fh’Jiig jet of water, in order to wash the soot off the 
bricks, so that it is scarcely possible to obtain strong acid. The 
condensed acid, mostly onl)' 4" to G'’ Tw., containing very much 
soot, will only do for evolving carbonic acid for the manufacture 
of bicarbonate, hardly even for the recover)' of sulphur from 
alkali-waste by Mond’s process (now obsolete). On the other 
hand, if coke is u.sed in the roasters, the condensers can be 
packed much more closely, as no soot has to be dealt with ; the 
water need not he run in a strong jet, and acid of 23° to 28° Tw. 
can be (jbtained which will do ver)- well for making chlorine, 
and which, by suitable means, can be made even stronger, as we 
shall see below. 

Muffle -furnaces (Blind Ro&sters). 

The r^ds/rrs (muffle-furnaces), for calcining the half- 

finished sulphate, are distinguished from the open roasters 
described above, by the fact that the fisgie in them does not come 
into immediate contact with the ch.irge, but only acts indirectly 
through the bed and the arched roof, which together form a 
dosed muffle. Accordingly the acid vapour formed in calcining 
s hot mixed with fire-gas, and can*'* thus be condensed much 
nore easily than the gas ffom open roasters, as it is both less 
lilutc ai'^d not so hot. It is not, to be sure, so strong as the 
3an-gas, as it is mixed wdth more air, w hich gets in through the 
vorktng-doors during the turning-over of the charge; it is also 
nuch hotter and less pure than pan-gas, (n\ ing to the .sulphuric 
icid escaping during the finishing operation. 

At many work.s, according!)’, the gas from blind ibasters is 
condensed separately from the pan -gas, especially if acid is 
made for sale ; where all the acid is used up at the works, the 
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gases mostly go into the s?imc condenser. One instance f'f a 
blind roaster has already been given in connection with a lead 
pan (p. 94). Another constriiAion is sho\yi\ in the firs? 'edition 
of this work, Figs. 41 tp 47, pp. 79 to 81, where the pan and the 
roaster have eachr a separate fire, which is necessary in forced 
work, such as is usual' in England. ,It ^wilf suffice for our 
purpo.ses here to show the section R?g. 24. 

The muffle- arch •behind the /irc|^ridgc, where the first heat 
ol the fire meets it, is a full brick strong, and covered besides 
with ‘‘half-thicks” ; these <irc left out in the .second diirj^f the 
length ; and the last third is only half a briHv strong. The 



Fig. 34. 


wh(>le arch is covered with afi inch of fireclay, moistened with 
wcak^ .soda-liquor, by which it is cau.sed to frit together an4 to 
become more gas-tight Of course the be.st firebricks must be 
employed, the joints miy^ be made very narrow, and the ^hole 
masonry must be as .solid as possible. The best height for the 
arch is 9 in. ; it cannot well be made flatter without detracting 
from its stability ; and if it is made higher, the radiant heat acts 
lc.ss upon the charge. It springs at a height of 12 in. from 
the bed, so that its crown is 21 in. ahovc^^thc .sama Tl^ 
upper arch at the widest place ts 12 in. apart from the 
muffle '"ch ; at the narrowest (in front) it is only 6 in. 
Both arches arc supported on metal plates covering the furnace 
from the outside and hdid togcflhcr by uprights aiyl bracing 
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rods. In front the plates are 3 ft. high, at the back only 2 ft. 
They are about i in. thick, and on each long side require 
ten uptights, usualjy formed of 4-in. railway rails, and cross- 
bars of j-in. square- or ^-in. round- iron. ^ The flames of the two 
fireplaces travel vver the muffle-arch divided by a thin wall, 
and unite at the far end, and then descend by several down- 
draughts. Here is also A'e gangway between pan and roaster, 
together with its damper. 

These parts of the furnace must be very carefully built, as 
they aj; ^e ry much exposed to wear and tear. 

The gangway is all lined with metal plate.s. The damper 
has a projecting top flange for a .sand lute. It wears out very 
quickly, and a double damper, as shown in Fig. 20 is preferable* 
here also. Below the gangway the flues unite into a common 
cross flue. The flame then travels towards the front in seven 
narrow flues ; it is here reunited by another cross flue, and at 
last carried towards the chimne)'. The seven narrow flues are 
so made in order to allow the furnace-bed to be made of 
ordinary 9-in. firebricks, which arc employed on the flat, or 
2^ in. thick. It is preferable to cmplo}^ two courses of half- 
thicks (split-bricks), cros.sing each other. The dwarf walls 
separating the flues should be 9 in. thick, .so as not to burn 
away too quickl)'. The flues are 5 in. wide ; so that a 
9-in. brick has a good hold on each side , and in the front 
they are continued into cleaning-out holes, usually closed. The 
bottom of' these "flues is .strongly inclined towards one of the 
cross flues to facilitate cleaning. I'he acid gas is taken away 
by a lateral ascending channel, <^bmeti^\s by a cast-iron pipe 
liiiQ^l with bricks, pa.ssing through both arches ; but the cast-iron 
[uickly wears out, and may cause the muffle-arch to crack. 

Ipstcad of making the furnace-bprl of 9-in. firebricks, at 
nany works fireclay slabs qi) to 2 ft square are employed, 
vhen the number of bottom flues is diminished to four. An 
nstance of this kind is the furnace represented in Figs. 25 to 27. 
The flame, travelling from front to back over the arch, returns 
in two ‘lateral fluv.. underneath the bed and again goes forward 
in two other central flues. If vciy’ good fireclay slabs can be 
[lad, the construction shown in Figs. 25 to 27 is preferable to 
that described above, since the bottom flues are, more easily 
cleaned out, and there are much fewei joints in the bed. The 
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kclay slabs must, however, be of very good quality for this, 
nd must be made with rabbited ends, as shown in Fig. 28. 

The muffles are frequently ftiade much^lqnger than fhey are 
bown here — for instance, 25 or even 30 ft. long inside; they 
annot be made any wider, owing to the dificulty that would 
ccasion in turning ovei^the charge. ^IJy lyakhig the muffle as 
irge as possible, the heat of the fyel is betti'r utilised, an i 
le layer of stuff i% much thiivicr^ and therefore much more 
asily turned over and mixed. 



Fig. 25. 


Fig.s. 51 to 54 and 56 to 59 of the first edition of this 
X)ok show furnaces iii*^'hich®the waste fire of the muffle heats 
:he pan. We shall refer to this plan again when de.scribingjhe 
:)lusq)rcssure furnaces. 

Fair (Gcr. P. 43240) instructs the ceiling of saltcake mjifflcs 
:>y arranging a number of archjs in the form of a grid, the 
ntcrinediate spaces being covered by thin porcelain slabs which 
:ransmit the heat more ea.sily than an ordinary i)rick arch. 
Lateral openings admit of getting at the inner thin arch for 
repairs without pulling down the top arch; bi*t this mu.^ be an 
iwkward operation after all. • 

C’ (B. p. 1098, of 1879) proposes replacing the double 
irch by a siijgle ai«ch, made of hollow bricks, tho Jiol^ow spaces 
®^ing a.s fire-flues. (This conftruction must be very liable to 
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the formation of cracks in the ceilififj of the muflh . ano the 
repairing; of such cracks is very difficult,) 

The plan of heat in the pAn by the wa^jtc fire of thV muffie 
is not always more ec^onomical than firing the pan separately, 
at least not where it is considered a primarv'oohject to turn out 
the largest possible quaVitity of work for ^^vhr fev(T is saved in 
coal is more than outweighed by ^he increased labour, the 
multiplication of fuftiaces; etc. Jin t^e Belgian W(>rks, according 
to Chandelon,^ a blind roaster decompo.^cs about }0 to 36 ewt, 
of salt in twenty-four hours ; in Lancashire, however, he st.^jlcs the 
daily make at 1 1 to 12 tons of salt. The latter is»e,\aggcTated : 5 
tons of salt daily is a fair average, 8 tons a ver)' good make fur a 
•blind roaster ; 1 2 tons daily arc only decomposed in open roa.sters, 
and even with these but rarel}’, 10 tons being considered very fair 
work. In France and Germany, even in large blind roasters, 
the usual quantit}' of salt decomposed is 2 h tons in twenty-four 
hours, rarely 3 tons. According to Chandelon’s latest report, ^ 
most Iklgian works then decomposed not more than 36 evt , and 
very few as much as 72 cwl. With this slow work, certainly, the 
muriatic acid can be more comi)letely conden.scd than with very 
quick work. 

A peculiar construction is that sketched in the Six/// Report 
by the Inspector the Alkali Act, p 66. In order to avoid 
the drawback of a* complicated con.struction, and the lial^lity 
to getting out of repair, of the blind roasters, only the bottom of 
the roaster is fired, and that from below, thu.? doinjfaway with 
the risk arising from cracks in the arch. The heat is very 
evenly distributed byifiies, jJ) that the bottom does not burn 
through very quickly. The flame afterwards heats the ;jan. 
Altogether the coal used is said to amount to 33 per cent, 
of the weight of salt Recomposed. The pan -gas goes ^away 
along with the roaster-gas, whic|j is not mixed with fire-gas. 
This style of furnace has not been adopted elsewhere. 

Comparison of Open and Blind Roasters. ^ 

Whether blind or open roasters fqr calcining the half-fin ishetf 
salt* ak^ are preferable, was formerly an open question. In the 
Tyne district none but open roasters were /ound, but in 
» Monit. Sclent., 1864, p. 5cf. ^•IJutl. Soc. Em., 1871, xyii., p. 322* 
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Lancashire these were employed only where no strong muriatic 
acid was made, othenvisc blind roasters alone were used. 
Messrs' Pennant had got blind roasters at the older works near 
Glasgow, but open ones at the new works at Hebburn. This 
alone proves that# something is to be said on both sides. The 
advantages of blhid toasters arc as folIoVt s : — 

1st. Better conrlensatic^i of the liydrochloric acid. 

2nd. Stronger muriatic '^ci(L • * 

3rd. Cheaper condcnsing-plant. 

4tl^ The u.se of coals (not coke) for firing. 

5th. A s’liviiig of sulphuric acid. 

The advantages of open roasters arc : — 

1st. A larger turn-out of saltcake. 

2nd. Le.ss liabilit)’ to need repairs. 

3r(l. d'he impo.ssibility of acid vapours escaping otherwise 
than into the condenser. 

4th. Greater facility of making .strong sulphate. 

Of course the circumstance.^ that appear as advantages of 
blind roasters correspond to drawbacks in open ones, and 
vice versd, d he defenders of each .system have consecpicntly 
striven to do a\\a\^ with the drawbacks of their .s}’stem, and 
in many respects with succe.s.s. We will now go into this 
matter in detail. 

(1) Condensation of J I ydroihioric Acid —Xi stands to reason 
that the gas from the blind roasters is much more easily 
condensed than tnat from open roasters, as the latter is hot and 
diluted with a large quantity of fire-ga.s. The condensation 
of open-roaster gas is indeed ilhpos.sifrlc with the VVoulfe’s 
bot^^les, formerly general on the Continent. Owing to this, in 
1856, blind roasters were made compulsory by law in Belgium. 
Nowfidays we have got much bc}’onci, thi.s. The bottles have 
been replaced partly, or even entirely, by towers filled with 
coke, bricks, etc., and it has been rccogni.scd that the main- 
.spring of a’l good condensation is the best possible cooling. In 
modern plants the tendency is all towards the use of water- 
jacketea condense. s, usually of glass. If a sufficient cooling- 
and condensing-space is provided, even the acid vapour from 
open roasters can be completely condensed. Indeed, whilst 
the former reports on the Alkali Act (up to 1867) seemed 
to .show a much larger e.scape« of acid vapours from open than 
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from blind roasters, it was discovered that the latter lost a «’‘reat 
deal of gas through leakages directly into the chimney which 
could not be detected by the Inspectors, since they usRn’.ly, up 
to the last few years, merely tested lor any acid vapours 
remaining in the* gas* after passing throuyih the condensers. 
Since this source of los.'lhas been more coigpktelv investigated, 
the reports actually showed better condens.v ion in the Tmic 
district, where only opon roa^tery were used, than in the 
Lancashire district. The inve.stigations of l)r *k. Angus 
Smith him.self and of his colleagues drew the alkali-njakcrs’ 
attention to this source r' los.s, and 'he gratifyijig ^on.sequcncc 
was that much greatc. care was taken in the construction of 
•blind roasters. We must ’"c it as established that there is no 
proof whatever of a mo- ,.iplck condensation of the gas from 
blind roasters, but i. is certain that the gas is more easily 
condensed than that from open roasters. 

(2) Strength of the Condensed Aeid~\n the case of blind 

roasters the roaster-gas is cither conden.sed along with the 
pan-gas or in quite similar apparatu.s. If the cooiing is 
sufficient and the supply of water properly regulated, nearly all 
the muriatic acid is obtained in the strong .state, and the liquid 
running awa\' from the wash-tower only shows T or even o' on 
the li}-drometer. On the other hand, the gas from open 
roasters is conden.sed in separate towers. Formerly in ^this 
way merely weak acid, only fit for bicarbonate or for sulphur- 
recovery, was obtained, mo.st of which w.-fj run* to wa.ste. 
Latterly, however, man^' work.s, by increasing their cooling- 
channcl.s, etc., have succccdcf! in obtaining a large portion of 
the open-roaster acid sufficiently strong to be employed, mi^d 
with the pan -acid, for making chlorine. Thus the open roasters 
have partly made up foj^.he start which the blind roastcr| had 
over them in this respect. It is, unlikely, however, that open 
roasters will ever be made a.s efficient as blind roasters in 
this respect. . # 

(3) Cheaper Condens{ng-plant.~\]u(\owh\.c^\y, for an equally 
gc^l condensation, much less condens»ng*jJant is used for 
blind than for open roasters. • 

<'4) Employment of Coal for Filing, — Open roasters are mostly 
fire{ /itb cofce, in order to avoid soot and ashes, fees on account 
of the quality of the saltcake, i^ this is used up at, once, than 
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because with coal, in spite of dust-chambers, the condensers 
would soon be stopped up and the disagreeable task of repack^ 
ing theAi would occur very frecfuently (c/ p. 102). It is true 
that a greater absolute quantity of heat is required for a blinds 
roaster; but altho*igh the effect of the direct flame in the opt>^ 
roasters is much [^eater, the fleficie^cy is partly made 
again by the more than|double length of path travelled 
the flame in a blind roa.'A^r. ^At all cveitts, the fuel of the 
muffles is cheaper. At few works only were open roasters fired 
with ^oal, anrl onU' in cases where no strong acid was wanted, 
as the soot'mi^t always be washed down by means of a strong 
jet of water in the condensers. Now'adays this process is un- 
doubtedly not practi.sed anywhere. • 

( 5 j of Sulphuric Acid for decouiposing the Salt . — 

Such a saving is undoubtedly effected by blind roasters against 
open OIK'S, as will be subsequently shown in detail. 

We now turn to the points in w'hich open roasters seem 
to have an advantage — (1) to the larger turn-out of saltcake. 
This is indisputable. The calcination in an open roaster is 
much (juicker than in a blind one. The charge is alw ays fini.shed 
by the time the next charge in the pan is got read}’, while with 
a blind roa.ster the pan-man mu.st u.suall}' wait till the roa.ster- 
man has fini.shed. Owdng to this, a quarter or a third more 
.sal 4 :ake is made in an open roa.ster than iti a blind one. The 
pan also suffers less, as it has not to stand so many changes of 
temperatufe, whi^i occur becau.se the pan-man has to slacken 
his fire when waiting for the roa.stcr-man. This .seldom 
happens w’ith open roasters, and A:)n.sequcntly wdth the.se much 
iTiMie .saltcake is usually got out of a pan before it cracks. The 
draw'back in question can be avoided by putting two Ijlind 
roasters to each pan ; but this mcans^ good deal more .‘^pace, 
prime cost, and repairs. ^ 

(2) A still clearer drjtw'back of the blind furnaces is their 
liability tosneed repairs. This, indeed, is their weakest point. 

It is against thti nature of a muffle to be made of very sub- 
^stantiaf brickwork* a.si it w'ould conduct the heat too slowly and 
incompletely. The thin hollow' bottom and the arch of a 
muffle suffer much more from wear and tear than the solid 
bottom and arth of an open roaster. Besides, an% considerable 
repair of ^he inner arch can mih’ be Inatle after removing the 
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upper arch, whether the latter w'ants repairing or not. The 
space between them must not be Iarg(' enough for a man to 
work in, since, if it were, the flame would travel al6yg the 
upper arch and would communicate but little heat to the lower 
one, that of the /oastbr itself. The scale t^urned still more 
against blind roasters \vhcn attention was dr>awn to the fact 
that frequently acid vapours escaped Ti'om'^the muffle into the 
^ outer flues, and thus got into th^e chimney without any 
condensation. Owing to this, die w'ork had frcquciilly to be 
stopped for repairs to be made, long before the brick w'ork had 
suffered very much from the heat. Later on, however, by ver)' 
careful construction and by employing ,cry good material, 
4 ilind roasters wxre made to stand much longer and to keep 
much tighter ; for instance, arches are made much tighter 
against gas by using specially moulded bricks, 1^'ig. 29, which 
are joined w'ith a very thin layer of fireclay mortar ; thus the 



Fig. 29. 


thickness of the mufflc-arch can be reduced to 4J in., and a 
much better heating-effect can be produced. In this rc.sj)ect 
everything depends* upon the ex'pericncc and skill of the 
manager, the mason, etc. 

(3) Greater Security against the Escape :>f Acid Vapours 
directly into the Chimney. — A loss of acid -gas may take place 
cither from the pan or the roaiter. As regards the pan there is 
of course no difference bctwx'en the tivo kinds of roasters, as they 
have the .same pans, and in de.scribing the.se we have seen how 
this fault can be avoided in con.structing and setting the pan.s. 
But the roasters behave very differently. In open roasters all 
gas passing through the furnace, l:x)th acid-gas and fire-gas, gets 
into the conden.sers. On opening the doors and drawing the 
charges some acid vapour may get into the working-sheds, but 
this is very little; and as the workmen are the principal 
sufferers by it, they always do their best to avoid it. By fixing 
gas-hoo^s over the working-doors this loss may be reduced 
almost to zero, if th^ hoods are not connected with the chimney, 
but W'ith a separate small condenser made of stoneware pipes, 
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say 2 ft. wide and 20 ft. high. In the case of ordinary blind 
roasters, however, there is always a .stronger pull in the outer 
fire-fliicfs than inside the jnuffld; consequently, by the slightest 
crack in the arch a certain, often a large, quantity of acid 
vapour will get i^ito the fire-flues and c-scapt? into the chimney, 
without ])assing» through the condcn.s#rs. Any cracks in the 
furnace-bottom arc les.s* clangerous, as the.se, being filled up by 
melting saltcakc, do notyillo'^ any ^^as t# pass through ; but^ 
sometime.* whole tiles fall in and cau.se a great loss of gas. 
As tjjc arch must always be thin, it is all the more liable to 
crack Cohsec^uentl}', blind roa.stcrs can never be trusted, but 
several times daily the air of the fire-flues must be tested by 
aspirating a certain volume through distilled water and titrating 
with nitr.ite of silver. It is be.st to te.st, first of all, the main 
flue, if there is one, into which all the saltcake-furnaces lead ; if 
this is found faulty, the furnace-flues must be tested singly, 
in order to find out the individual furnaces at fault. Without 
this precaution large quantities of gas may escape unawares 
and may cause much damage and nuisance. 

This very .serious drawback caiused .some manufacturers who 
had w^orked wdth blind roasters to abandon them altogether for 
open ones ; but since it has been overcome by the “ plus- 
pressure furnaces’' (.see p. 113), this argument in favour of 
open roasters is no longer applicable. * 

(4) S/roN^rr 5^?//o7/(r.— Owing to the higher temperature of 
an open roaster, fit is much easier to calcine the saltcakc and to 
decompo.se the common s.ilt completel)'. In blind furnaces this 
can only be attained by employing a large area and con.sequently 
a ”cr)' thin layer of material, and spending a good deal of time 
over the calcining proccs.s. This, of course, is much easiet with 
fundees pos.sc.ssing two muffles to onej^an. 

1 

Gas-furnaces. 

A construction intended to combine the advantages of open 
roasters with tl\osc, of closed ones is the gas-furnacc, first 
proposed by Dr Fletcher, ;ind carried out in practice in several 
modijjrtions in Lancashire, for instance, by Mr Wigg of 
RuncoiW. The gas produced in Siemens’ generators is con- 
^d through an underground flut both to the calcining- 
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furnace and to the pan. It is lighted, and the air admitted 
through five air-slides in the f^ont end of the furnace.. The 
method employed for heating the pan is ‘very rational one. 
The flame issues belov; its centre, and is drawn off by four 
flues, so that it spfeads <juitc equally. It can* J)C regulated at 
will by opening or closin'^ the gas- aiv^ aii^dampers much less 
than for a direct fire, and with the gc^-;-fire the paes arc much 
JeSs liable to breakage. The caltining-furnacc is lienled by a 
separate gas-flue, first indirectly, through the flags forming its 
bottom. The flame returns over the bottom antb heats the 
charge upon it direct!}'. Fiom this, h("vevcr, arise several 
drawbacks, which have caused the system to be abandoned 
again in some cases In the first place, the furnace is too long, 
and the flame, which has already travelled underneath the 
bottom a distance of 30 ft., in order to return over the .same, 
cannot bring more than a fourth or at most a third part of the 
furnace-bottom to a heat sufficient for finishing the sulphate. 
This can be avoided by making two beds of 15 ft. length each, 
assigning one of them to each pan. lUit even then the sulphate 
easily fluxes through the joints of the plates and stops up the 
flues underneath. This happens much more readily than with 
ordinary blind roasters, bccau.se here the flame travels first 
over the arch and theji under the bottom, which thus docs not 
get so hot. The object of the arrangement was to produce, fy 
means of the gaseous fuel and the regulation of •the aii> a flame 
quite free from smfike and not containing a large excess of air, 
and thus permit the productioyi of as much .strong muriatic 
acid by a reverberatory furnace and a coal fire as with a blin j^ 
roaster j but this has not proved to be the ca.se. Moreover, 
this, like all other gas-furnaces for decomposing .salt, consumes 
more fuel than hand-fircft furnaces, no doubt because in tfiis 
case the principle of recuperation *of the heat has not been, 
and perhaps cannot be, sufficiently observed. ^ ^ 

Gamble’s gas-furnace will be described below, as it belongs 
to the plus-pressure furnace.s. 

Plus-pressure Furnaces. 

This n^me has been adopted for a type of fur/iacc intro- 
duced in 1876, in whfch thp escapp of acid-gas through any 
leaks in the muffle into the fire-flues, whence it goes directly 

H 
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into the air, without passing through the condensing apparatus, 
is avoided as follows : The driy.ight within the muffle is made 
stronger than in •tlie fire-flues surrounding it, which means 



Fig. 30. 


a “ plus-prc.ssure ” in the latter. In the case of any leaks in the 
muffle the acid-gas will not cscaj)c from this into the due, but 
on the contrary a little fire-gas will enter the muffle. This 
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Muspratt (B. P,, 4th May 1877) causes an excess of pressure 
in the fire-flues by dispensiijg with chimney-drau^t and 
forcing air underneath the grate instead. * He also admits 
more air in other parts, of the furnace for burning the carbon 
monoxide. Gamble’s fujnacc is represented ii\ Figs. 30 to 33. 
Here a blind roaster is ^red by means of gas-producers ; the 
air required for combustion is heatorl by passing through a 
system of iron pipes, whicfi, on tficir^part, arc heated* from the 
outside by the waste heat of the furnace-fire. The c.scape of 
acid vapours from the muffle into the fire-flues, through any 
chinks, is to be avoided by caiofully adjusting the dampers so as 
to put the gas in the generator under a somewhat higher 



Fig. 33. 

pressure than the gas inside the muffle. This is not very ea.sy. 
since tlie pressure inside the muffle varies considerably, according 
to the rate at which acid vapours arc given off ; but with a little 
care the object can be atfSined, In another furnace, built later 
on at the same works, the ash-pit was closed and the air 
necessary for combustion was forced in by ^ Rootj’ blower 
partly below the grate, partly after being heated in the above- 
mentioned iron tubes, above the fire, in orcJer%to complete the 
combustion. ^ 

Identical in principle with this arc other constructions, in 
which the*blast of air^is produced by a fan-blast or. by a steam- 
injector. The last-mentiqned prpeess has been found least 
economical, as might have been predicted. 
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In a very ^ood Gamble’s furnace, the principal portion of 
the aij-was superheated to 6jc" by a large number of iron 
tubes 9 ft. long. II Ihen entered the furnace through four pipes 
just over the fire-bridge, pa.sscd first ov£r the muffie-arch, then 
underneath its ^sole, and brought the/ mufffe to a bright red 
heat right uj) to the? bach end. Here "twenty charges of i6 cwt. 
of saltcake were made e^ry twenty-four hours, or lOO tons in 
six day.s. • The cost of fuel w^s 2s. per ton of saltcake, inclusive 
of the (specially fired) j)an, which meant a saving of 33 per cent, 
against the^j rev ions state. 

Dt^icofi's hunuu'c — The plus-prc.s.surc furnace most widely 
employed, and which may be considered the best, is Deacon’s ; 
it is certainly very simple in construction and working. It is 
shown in Figs. 34 to 37, on a .scale of Its principle is simply 
this : — The fire-grate is placed at a considerable depth, about 
1 1 ft., below the top of the fire-bridge, whereby a chimney-like 
.shaft, a (3 ft. 6 in. X4 ft. wide), is formed, in which the gas rises 
from below the bars with a good deal of pull, so that further on, 
that is round the muffie, all the le.ss draught is required. To aid 
in this, Deacon at first arranged “breaks,” that is, holes in the 
flue leading from the furnace to the chimney, through which air 
was allowed to enter, in order to dimini.sh the pull round the 
mufTle; but this was abandoned later on.. In the .shaft a there 
are two air-holes, .serving id.so for cleaning out ashes, below the 
fire-bars, cwhiclwirc 2 ft. 6 in. above the bottom of the a.sh-pit. 
The bottom of the fire-door is 19 in. above the bars; the 
fire-door it.sclf is 10 in wide ^nd 15 in. high; above it, ju.st 
JdcIow the fire-bridge, there are again two holes (8 in. X12 in.) 
Tor introducing air. Everything else ran be seen quij:e well 
from the drawing.s. In the.se the pan is j^rotected again.st too 
strong an action of the fire by makftTg the Hues below it very 
deep. In other ca.ses, wheVe it was awkward to go too much 
down int4> the ground, shallower flues have been made and the 
pan has been protected by a curtain-arch. The fire-gases 
issuing at E arc.-bc.st carried underneath a pan for w’arming up 
the acid, before going int,o the main flue. 

The introduction of the plus-pressure furnaces has not 
merely put. an end to the complaints about leakmg arches, 
which led to frequent stoopages for repairs, but has also 
produced everywhere a considerable saving of fuel, about 30 
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per cent ; probabl)- because it was necessary to regulate the 
supply of air both below and^abo\e the fire-grate with greai. 



Fig. 34- 

nicety, ^\flich led to more careful firing altogether. From 
figures gi\t n by Gam*ble in the Seventeenth Report' oH the Alkali 
ActSy p. 44, it is clearly seen that* formerly much too# little air 



was used : 
formed. 1 
heated aif 







PLUS-PRESSURE FURNACES 


119 


1 6- 3 per cent. CO2 and 2 4 per cent. (), with mere traces of 
CO. The consumption of fuel, which was formerly from yl 
to 10 cwt, went down to 4^ cwt* ^ , 

According to the Alkali Report for 1891 (No. 28), the plus- 
pressure furnaces •wcrc^ constantly gaining ^jround over the 
mechanical furnaces, because they produccdfino^'c strong hydro- 
chloric acid; but the Thirty-eighth Report (for 1901) states 
that coal suitable fof plus*prcssu^c fr maces cannot be obtained 
everywhere. 

Recently the use of mechanical furnaces has been extending, 
and the present tendency appears to adopt them.* * 



Fig. 37- 


One drawback connected with the plus-pr&ure furnaces is 
not mentioned in the publications thereon, but is caused by 
the nature of things, namely, ftie greater dilution of the gas in 
the muffle as compared with ordinary blind roasters. Accoioi^ 
ing tb trustworthy communications from a competent source, 
the gas from plus-pressure furnaces contains only from i(X) to 
2CX) grains HCl per cubic foot, equjJ to from 12-3 to 21 per cent, 
by volume, together with some steain and a little SOg and SO3. 
In England it is not ea.sy to make from it srtronger^ acid than 
30® Tw. On the Continent, where troughs* and stoneware 
bottles in front of the coke-towers art more abundantly 
employed, the acid can be made strorf^er than the above. 

Saltcake-f urn ices worked with High-pressure Gas. — Zahn' 
states that these are quite different from the efrdinary plus- 
^ Chem. Zeii.^ ic)o5, p. 623. 
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pressure furnaces, in which there is a great excess of air which, 
as he says, acts injuriously as to wear and tear. When real 
high-jjres.sure firing js employefl, that is, gas-producers with a 
very deep layer of fuel, the utilisation of the heat is much 
better and the \^ear and tear less, sirfee the flame is purer. 
[This distinction k^ks decidedly artiocial. Furnaces worked 
by producer-gas are onl)' a kind of plus-pressure furnaces, 
ahead)' well known. To this ^rlass belong •all saltcake-furnaces 
in which the gases do not have a tendency to (\scapc from the 
muffle into the fire-flues, but znee-^’ersd] 

Reuss^ ^tjUes that the high-pre.ssure gas saltcake furnaces 
arc more and more sj)reading in German)'. 

(teneral Rules for Salt cake -furnaces. 

The following rules hold good for all saltcake-furnacc.s. It 
is advisable to paint, not mere!)' all the metal jiarts, but the 
whole of the brickw'ork outside, with hot coal-tar, and to repeat 
the painting when the furnaces are hot. I'hus both the iron 
and the brickwork w'ill i)c protected against tlic rapid corrosion 
to which they would both be subjected by the muriatic acid 
vajiour 1 hus protected, an open furnace goes a long time 
without any important repairs, except occasional!)’ renew'ing 
the lining of the fireplace. JUit, in the nature of things, the 
muffle of a blind furnace cannot but require frequent repairs. 
In the first place, it must be very thin, so as to be more readily 
penclratecl by tlie heat , secondly, its outside is acted upon by 
the fire and its inside b)' tlie acids, and the bottom is injured 
by the mechanical labour of tuniing over the saltcake; thirdly, 
"’^en tlic smallest crack must not be neglected, but the furnace 
must be stt)pped in order to repair it, so as to avoid losses of 
acid vapour. Consequently, it is mu(4 better not to place the 
acid-gas flues on the top oT the arch, but sideways. 

In regard to the brickwork of the pan, the lining of the fire- 
place and^thc arch over the grate suffer rather much if the work 
is pushed hard,, and must be pretty frequently renewed. The 
upi>er part (or. ii\ cfcsc of heating by waste heat, the whole) of 
the fire-flues suffer very little. The arch over the pan, if built 
independently of it and w'cll constructed, may last o»t several 
pans. • * • 

^ ‘ Chem. i9o8,*p. 231. 
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Process in Saltcake-fumaces worked by Hand. 

The process with cast-iron \iccomposinp^-pans is dist in finished 
from that which is carried on in lead pans principally in that it 
can be accomplislicd n^ich mfirc quickly, because greater heat 
can be employed and thVe is no fear of tl^' teols injuring the 
pan. Working for a large turn-out is c**nsequently possible with 
cast-iron, but not wkh Icail pans^ 

The pans, after moving their contents into the roaster, must 
be cleaned from cru.sts as much as possible; to purposely, leave 
them in the pan, as is described in some pla«c.s* is a grave 
mistake ; for in the unavoidable interval up to th(' introduction 
•of the new batch such crusts burn fast, and cannot be dissolved 
again, causing the pan to crack before its time. Nearly all 
cracks in pans can be traced to the formation of crusts through 
unskilful or negligent work, cxcejit such as are owing to faults 
in casting, to bad setting, or to fair wear and tear; tlie former 
will come out almost immediatel)' after starting a new pan, the 
latter only after a long time. After removing the cru.sts the 
pan is allowed to cool down a little, by opening the fire-door or 
b}' shutting off the gas in the ca.se of gaseous fuel ; in any case 
the pan must cea.se to be red hot, else it will suffer from the 
cold, damp salt, and even more from the vitriol ; at the best the 
evolution of hydro(?liloric acid will in this Cta.se be much .too 
violent and cause the pan to boil over, blowing off gas through 
all the joints, and rendering the condensation fncomplete. 
In small works it may be pos.sible to do as some advise — to dry 
and heat the salt before changing. In large works this would 
be too trouble.some, and the salt is nearly always put into the pjji 
direct from the warchou.se, with its natural moisture, usual I3 
varying from 2 to 7 per-cent, according to circumstances. ,It i: 
mostly shovelled in at the working-uoors. Hoppers for charg 
ing from the top are not frequently used, both because they 
much increase the weight upon the arch,* and btcause the 
pan-men have at any rate time for charging. Besides, the 
pan-bottom is cooled too quickly if the whMe mass oT salt is 
suddenly let down into it, and in rfiis case at least, the vitriol 
ought t9 be heated pretty strongly and run into the pan first. 
It will not do to -rely upon the salt sufficiently drying and 
heating within the hoppd* in the*interval before the next opera- 
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tion. Usually there is a metal plate in front of the working- 
door, and the quantity of salt weighed off for each charge has 
previoirsly been 1,'ijd^ down upon this plate against the pan- 
furnace, so that nothing is left to do but to shovel it in. 

The quantity 4)f salt taken for eaciybatch varies very much 
in different works. ^ Hatche.s below 5 ^wt. of .salt are as rare 
as those above 10 cwt f*or oj)en roasters, or 16 cwt. for close 
roasters (m the latter case taking twice a 5 much time). The 
usual (juantit)’ in English works is 8 or 9 cwt. for open roasters, 
14 to j 5 cwt. for clo.se roasters Charges up to I ton are, how- 
ever, not uniJsiMil. On the (.'ontinent, where close roasters are 
all but univer.sal, mo.stly smaller batches are made— for instance, 
at Aussig twelve batches of 8 cwt. each in twenty-four hours, at* 
Stolberg eight batches of 6 cwt. each in twenty-four hours. 

The purit)' and concentration of the sulphuric acid have 
already been considered (.see p. 56), and its measuring, heating, 
and running-in (sec ]> 95). As to the temperature of the 
vitriol, manufacturers are not agreed. It ought never to be 
below 50" ; but some use it upwards of 100' C. h'or the pan, 

the hotter the sulphuric acid the better ; but if it is too hot, 
the hydrochloric acid is given off too fast, with the consequences 
previously de.scribed ; there is always, therefore, a medium to be 
observed. The temperature ought to be always approximately 
the^same, in order to regulate the quantity of the vitriol — which 
is always measured, at\d who.se volume is considerably altered 
by great change's of temperature. Temperature corrections 
would make the measuring very complicated, when added to 
the unavoidable corrections for diftercnces in the strength of the 
•iilphuric acid and the degree of moisture of the .salt. Usually 
the moisture is te.sted once a day in the laborator}^ and sp'ecial 
tabloid enable the workmen to reduce th^: quantity indicated to 
them to that corresponding lo the strength of acid they may 
happen to receive from the chambers.^ 

The tH‘orcticjd ratio of pure sulphuric acid to pure 
sodium ^chloride .is 49 04 to 58-46, or 83 83 parts .sulphuric 
acid to 100 parts sbdium chloride. As acid of 144“ Tw. 
measured at 15’’ C, contaiiVs ;8 per cent. H.,SO^, roo parts of 
pure NaCl answer to 107-44 parts of vitriol of 144'' T\t. Now 

* Such lablts are given in Lunge’s Te^knica) Chemists' Handbook, 
pp. 126 to 1^9. * 
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pure NaCl is never employed; for instance, for a 95-pcr-cent. 
salt the requisite quantity of acid would be 79-62 per cent, of 
H2SO4, or 102-07 per cent, of acid of 1^4" Tw. In practice, 
somewhat more acid must be employed, c.spccially if saltcakc 
for alkali-works ha« to made ; but other ce^es ma)' occur as 
well. If, for in.stance, th» saltcakc is to be strong as po.ssiblc, 
more than the theoretical quantity orvitriol must be taken ; 
for, as it is impossible, at least ii^ hand-worked fun ace^., to mix 
all parts uniformly and instantaneou.sly, a little sulpliuric acid 
will be volatilised in some parts of the mixture, where, it is 
in excess, whilst undecomposed common salt rc«ijftns in other 
parts. If, therefore, the percentage of nilt in the finished 
product is to be i per cent, or below, a little more vitriol must 
be employed, say i or U per cent, calculated as SO^, in addition 
to that volatilised with the hydrochloric acid vapour. 

Some of the largest manufacturers a.s.sume, in the calculation 
of the sulphuric acid produced at their works, which is not 
measured directly, that for each roo part.s of salt of average 
moisture, say 5 per cent., 81-33 parts of H.^SO^ arc employed 
for making strong sulphate in open roa.stcrs. In this case 
Lunge found 82 per cent, necessary, and obtained from other 
factories the figures 82-5 per cent, for open, and 79-3 or 8o-8 per 
cent, for close roasters. 

If, on the other Land, the .saltcakc is required to be entirely 
free from acid^ for this very reason rather less than the 
theoretical quantity of vitriol mu.st be cmplo)Ld, .so that 2 or 3 
per cent. NaCl remains in the fini.shed product. This should 
not be done for making alkalif 

In any case a larger excess of vitriol is used in open than '‘omh 
close *roa.stcrs — in the former often 5 to 7 per cent, above the 
theoretical quantity, bqfause the greater heat and the (Jjrcct 
draught carry away a portion of it^bOfore it has had time to act 
upon the salt, whilst the excess required for the slower work in 
blind roasters 'amounts only to 2 or 3 per cent. Thoi statement 
of Wright^ is, however, exaggerated, according to which the 
average loss of vitriol in open roasters would be 1 2-C p*er cent., 
that in blind roasters 2 per cent.* the former figure is not 
derived from his own experience, but from second-hand informa- 
tion ; and it is in decided contradiction to the experience of the 
* them. JVeit/Sf 16 , 17 . 
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Tyneside factories, all of them working with open roasters. 
We shall have to revert to this matter at the close of this chapter. 

In Tnechanical fiipiaccs a liltle less sulphuric acid is used 
than even in blind roasters, just because the mass is much 
better mixed up, i^nd especially bccaus(^it is fJways in the state 
of fine }jowder, w'ithc^ut any lumps and bnots. It is in the interior 
of the lumj)s there is most facility for incompleteness of decom- 
position ; consequently those fi^rn aces. turn ^ut sulphate contain- 
ing only a small fraction of both free acid and common salt. 

Iii the ordinary process such lumps are formed in the pan 
only with vT*r;^ faulty work ; for, under normal conditions, the 
whole is at first dissolved into a thin mud, which only gradually 
thickens, but never solidifies. On the other hand, lumps are* 
ver)' readily formed in the roaster. 

The proper quantity of .sulphuric acid cannot easily be 
determined beforehand by mere calculations, owing to the com- 
plication of circum.stances coming into play ; it rnu.st therefore 
be continually checked by testing the .saltcake in the laboratory. 
We have .s[)oken of this already on p. 122. 

In ino.st factories the residue from decomposing the nitrate 
of .soda, the nitn'-idke, is put into the pans along with the salt, 
the quantity of sulphuric acid being Ic.s.sened by the amount of 
that existing in tlic nitre cake as “free acid” — that is, as 
bisiilphate. It is preferable for regular \\V)rk not to u.se too 
much nitre-cake, .say one-tenth, or better only onc-twentieth 
of the .sdlt ; oftierwise lumpy, poor sulidiate is frequently 
obtained. Nitre-cake is often used in large lumps; but it is 
much better to grind it, in whiclt case more can be taken and 
JLke (juality of the fini.shed product will be less injuriously 
affected. Possibl)' the be.st way of treating it is to run if into 
the gan in the liquid state, as will be described later on. 

The requisite quantity* (i sulphuric acid is frequently run 
into the pan before the whole of the .salt has been shovelled in, 
by which A better -mixture is effected. In any case, it must be 
well stirred up aftenvards with a long-handled rake, till the 
acid has completely penetrated into the salt and a thin mud 
has been formed in which the tool does not meet with any 
resistance ; this is called “ di.ssolving the salt.” As a vefy strong 
evolution of. gas takes place at this stage, it is well if the 
working-door has a hole through whiih the handle of the rake 



PROCESS IN HAljD-WORKED FURNACES 125 

passes ; by heaping a little salt against the opening, a pretty 
tight closing is effected. At this stage the mass has a strong 
tendency to rise and froth over; coiLsequ^nfly a little taliow is 
now added. The porous common pan-.salt dissolves by far the 
most easily, much less ^so ground rock-salt, ^s mentioned on 
p. 55. When everything has been “ di.ssplvtd,” the rake is 
drawn back so that its blade lies close against the door, where 
it is less exposed tb the*acid;^r it is drawn o..t rltogether 
after opening the door. In any ca.se the latter is now closed as 
tightly as possible, either by .salt thrown against it, or evgn by 
pla.stcring it with clay or lime. Well fitting •n^-iron doors, 
sliding in frames, make this unnecessary, but do not resist the 
*effect of the acid vapours very long. The door-frames are 
consequently mostly made of acid-resi.sting stone or of stone- 
ware, as is also the frame of the damper .separating the pan 
from the furnace. The door it.self is made of lead, slate, or 
even of cast-iron, but iron la.sts only a short time. At some 
German factories w'oodcn doors arc preferred. Most usually 
the doors arc only loo.sely placed again.st the frame, and luted 
by salt belonging to the next charge. 

Vapour-hoods . — In mo.st ca.scs, during or shortly after raking 
up the fresh batch, when the evolution of gas is most vehement, 
but c.specially on .shoving the batch from the pan into the 
furnace, the e.scapc *of a little hydrochloric-acid gas into j;he 
outer air cannot be prevented. If the condensing-apparatus 
works properly, it cannot have a great drau^t, and with the 
working-door .standing open this draught frequently will not 
suffice for removing all the |as. This also holds good for the 
working-doors of the roa.stcrs, e.specially on di.scharging, an^w 
even* for the damper between the pan and the roaster. In 
order to avoid a nui.satye for the workmen and the neighbour- 
hood, it is advisable to fix over the floors and the damper vapour- 
hoods^ made of wood or light cast-iion, etc., which communicate 
by means of fireclay pipes with a wcll-drawmg chirftney. The 
quantity of acid vapour e.scaping into these i.s. mo.stly .s^o incon- 
siderable that, after being diluted with rtie chimney-gas, it is 
not perceptible. If, how'ever, this Source of escape must be 
avoided •at all co.sts, the fireclay pipes may be conducted 
into a small .speciM condenser,^ but this will tertainly only 
furnish an extremely weak and*practically worthless acid. 
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Works with very large conaensing-space can employ 
sufficient draught to dispense entirely with hoods. 

The* ordinary vagour-hoods,Vhen they are connected with 
an ordinary chimney, usually do not suffice for keeping all 
vapours out of yie working-space. There is also a nuisance 
caused by the ewndjnsation of acid dr(*ps at their bottom edge. 
These drawbacks are avoided by an arrangement of K. Oehler 
(Ger. P. 165099, of 1904). IJe provides ‘in the roof of the 
working-hole a slot, which can be closed by a damper, and 
through which a strong suction is exercised during the time the 
door is opezt. %The muffle- bottom is also provided in front of 
each door with a slot, which can be hermetically closed, and 
which is connected with a flue, carried along underneath the* 
doors and ultimately outside the furnace, into a clo.scd iron box. 
In this flue there is a mechanical conve}'cr which carries the 
saltcake, pushed into the slots after finishing the operation, 
into the iron box, where it cools down without contact 
with the air. The acid vapours, sent out by the hot saltcake 
during this time, arc driven by means of a stoneware fan 
(“Siegfried” system) into a sidc.condcn.scr, consisting of a 
tower, 3 or 4 ft, wide and 12 to 15 ft. high, with a water spray 
on the top This converts all the acid into a fog; when this 
settles at the bottom and runs out, it appears as dilute hydro- 
chlpiic acid, containing much H.^S04. This is employed for 
running through the back tower of an ordinary condensing- 
plant. Bdiind Hie small condenser is placed the stoneware 
fan, and ultimately a gas-filtcr, as described in a following chapter. 
An analysis of the tower acid showVjd, as the average of four days, 
^•8 per cent. HCl, 0-24 per cent. H.^S04, 0 007 per cent. Fe.O^; 

fir. 5-4” Tw., when employing in the tower 40 per cent, of the 
totals water required for condensing tl^c HCl in the process. 
(This plan was at work fof .s^mc time, but seems to have been 
discontinued again.) 

When ihe “ dis.solving ” is finished, the mass need only be 
stirred up once gvery quarter of an hour, but the fire must 
be increased cxacfllj’^as required for concentrating the mass. 
Generally the operation in the pan is finished much sooner than 
that in the roaster ; but the roaster charge must# by all 
means be finished and drawn out of the •furnace before the 
batch is finished in the pan, ‘for othdi-wise the latter becomes 
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too stiff, cakes to the pan, and cannot he manipulated at all. 
The fire must be regulated to accompli.di this, and also in such 
a way that the boiling does n8t become J:oo violent. *On the 
other hand, the pan should not work so slowly that the furnace 
must wait for it a^jd stand still in the meantyne ; but this will 
hardly ever happen if yie sulphuric acid Jye labove 124” Tw. 
The whole operation in the pan laj?ft, in the case of open 
roasters, one hour, with cjose roasters from two U> two and a 
half hours, on the Continent even longer, according t(T the time 
the batch stops in the roaster. 

A different style of w'orking was introduced by the 
Newcastle Chemical Works at Gateshead. Large pans are 
•used, 18 cwt. of salt being treated in them at a time. Every 
hour onedialf of the batch is shoved into the (open) roaster, 
and another 9 cwt. of salt, together with the corresponding 
quantity of sulphuric acid, is put into the pan. In this way 
the pan never becomes empty, except at the end of the week, 
and suffers much le.ss than usual, so that up to 4000 tons of 
sulphate can be got out of it before it becomes uscles.s. The 
work is done in the following way : — On beginning the week, 
18 cwt. of salt and acid to correspond arc introduced into the 
pan ; when the mass has thickened up to the usual point, half of 
it (by the judgment of the eye) is shoved over into the furnace ; 
then the sulphuric acid requisite for another 9 cwt. of salt is run 
in, the mass raked through, 4^ cwt. of salt added, raked through 
again ; the fire is touched up, the last 4J cwt. ftf salt •are added, 
raked through, and the batch finished in the usual manner: 
when it has become stiff, htHf of it is again shoved into the 
furnace, and so forth. This .style of work has been very success- 
ful, and has been introduced by several other large factories. 

The batch in the pan is considered finished when the^ake 
cannot be drawn backwards and forwards with ease, but offers 
considerable resistance owing to the stiffness of the ma.ss. If 
the setting of the pan is faulty, lumps cake on the hut places of 
the pan, and are only dispersed with difificuljy or not at all. 
Supposing the contents of the pan to havckba:ome stiff,*and the 
roaster-bed to have become empty in* the meantime, the damper 
is raiseck the pan -door opened, and the stirring-up rake (Fig. 
38 c) rej^laced by the tool that serves for moving the batch. 
For pan-doors opposite \o eachlother (shoving-pans) this is a 
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“ shoving-rakc,” Fig. 38 d, the profile of which i.s the same as 
that of the pan ; for pans with doors at right angles to each 
other (casting-pans) ^ large hollow “ casting-shovel,” Fig. 38 e ; 
and whilst the pan-man moves the contents of the pan into the 
furnace, the furn|icc-man from his door at# once spreads the 
charge evenly orer Jhc whole furnace-hied. 

The calcining-funiacc, before the charge is moved, should be 
at a bright-red heal, as it wi^ be after fitiishing the previous 
charge. tVith blind masters, at least, the arch .should always 
rcmani red hot, so that the interior can be .seen. The fre.sh batch, 
of course, g»r.,;i^tly cools the furnace, and its interior becomes 



Fig. 38. 


even le.ss visible in con.seiiuence of the thick white acid vapours 
given off, towards the end of the operation the temperature 
shoi^ld get up to a good red heat, but a4\a>\s below the melting- 
point of .sodium sulphate (which i.s 860 to 880° C), say, about 
800'' C. The ma.ss is spread over the furnace-bed with great 
care — if tlx furnace is a double-bedded one, on the top (back) 
bed ; there it is .fir.st allowed to dry and is turned over every 
quarter Y)f an houV, employing partly the paddle or slice. Fig. 
38 a, partly the tooth-raket Fig. 38 b. In Lancashire the latter 
tool is less used than the former ; but it contributes vary much 
to an even wofking-up of the mass, as it prevents the formation 
of lumps. All the tools arc iiJade entirely of wrought-iron, the 
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nandles J or i in. thick and 12 to 15 ft. long. The working- 
parts of the paddles, rakes, etc.^ being also made of wtou|.,ht- 
iron, are much lighter than those of thc^ black -ash furnaces, 
whose heat is much greater, but they are quickly .spoilt by the 
acids and must be frequently renewed. , 

In order to take part of the weight of the#to(?ls off the men, 
there are always fixed in front of the working-doors horizontal 
bars, with a few proj?;ctions on tl^ top ; and hooks hanf;; down 
from the ceiling, for support I rig the back part of the tools. 

When once lumps have been formed, they can only be broken 
' or crushed with the paddle. This ought to be don-fTh any ca.se. 
If, however, the batch has become too hot next to the fire- 
bridge, it iluxcs there and the tools cannot be got underneath it. 
This is the worst thing which can happen, because such hard 
lumps arc scarcely workable in the black-ash furnace ; it occurs 
especially with inexperienced men, and can only be avoided by 
frequently moving away the .stuff next to the fire-bridge and 
replacing it by other .stuff. Weak saltcakc, containing much 
salt, fluxes much more readily than .strong saltcakc. 

There is le.ss trouble in this respect with open roasters, becau.se 
the workman can always see what he is doing. Their beds, for 
an equal make, need only be half as large as those of blind 
roasters. Often open furnaces have two or even three beds, 
sometimes arranged *111 terraces, or merely marked by th/; 
greater length of the lurnacc and the arrangement of the 
working-doors. In this ca.se the batch coming fl-om the pan is 
first spread on the back or top bed, and moved forw ards to the 
front bed, which is much hottA, when the previous batch has 
been drawn out from the latter. Thus the saltcakc remains 
twice dV three times as long in the furnace as in single-bedded 
furnaces, and can be finisl^ed at greater leisure. If, for instance, 
a batch is made in the pan once an hour, this batch remains one 
hour on the cooler back bed and another hour on the hotter 
front bed before it is drawn out. In blind roasters th <5 batch is 
usually at once spread evenly over the whole bed, because here 
the differences of temperature are not very cansiderable. 

The calcining work is only to be t 5 kcn as finished when no 
more vapo*irs are given off* by the mass, even on turning over, 
and when it is at a rt;d heat; but it ought not tA*attain the 
fluxing-point at any place* The ^mass is now drawn out by 
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means of rakes, Fig. 38 r, into iron barrows, adapted for tipping 
over. .Fig. 39 .shows such a^ barrow of the shape usual in 
England. They puffer a good deal from the acid reaction of the 
.saltcake ; and their upper portion must be frequently renewed. 
At large workr there is often a railway# running along the 
furnaces, and Toi? --wheeled trucks Pun upon this up to the 
furnace-doors. In front of these there is always a metal plate, 
because ^some saltcake (which mu.st be kept clean) is always 
spilt. The front of the furnace below the door must be protected 
in » similar manner. 

In many'ca.scs the finished .saltcake is not drawn directly* 
into the barrow, because in this operation the escape of acid 
vapours could not be avoided (which in populous districts might 



Fig. 39. 


be felt as a nursance), but it is dropped into a cave beknv or in 
front of the furnace, by means of a hole in the furnace-lid 
usually kept clo.scd ; here it c^n cool down before it is taken 
out. Fig. 40 shows such a cave in section at A, as well as the 
hole a in the furnace-bottom leading to it ; Fig. 41 ^hows it 
clo.scd with its door, h. This arrangeyaent was very rarely found 
in English works ; with^he hard-pushed style of work in use in 
this country it could .scarcely be carried out, not merely because 
it requifes much labour to move the saltcake twice in.stead of 
once, but especially because the taking-out of the saltcake from 
the cave would interfere with the furnace-work, and there were 
not, as is usual on the* Continent, long intervals between the 
charges which might be utilised for emptying the cave. 

It is juk this part of their operations which rendered the 
English^ alkali-makers the^ objects' of many complaints from 
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their neighbours, if their saltcake furnaces and warchouvses were 
not at a good distance from pub^c roads, fields, etc. Su«h com- 
plaints were met to some extent if care \\%is* taken at once to 
cover the hot saltcake in the barrows and the .storehouse, which, 
especially in damp Veather, emit much vapour, ^vith a thin layer 
of cold saltcake. * • 

The.se pungent vapours, inevitably given off f’ iring this 
operation, which greatly distress the workmen even whni they 
arc prevented from being a nuisance to the neighbourhood, 
are entirely prevented by allowing a fine spray of water to 



play upon the hot saltcake, at a distance of about 3 ft., from 
a jet exactly like thq,se very advantageously used in the 
vitriol-chambers. This fine .spray* condenses the vapours to 
such an extent that no smell is perceptible close by, and 
does not cause the hot .saltcake to become dafnp. Tfiere is an 
evolution of .steam, but no “ga.s.” This simple contrjvance 
deserves serious attention with a view to pteventing nuisance. 
In some cases, brine has been used in.stead of water for spraying 
the hot sakcake. Tliis is highly objectionable as it leads to the 
evolution o more h/drochloric acid whenever the ‘saltcake is 
even slightly acid. 
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Sometimes, instead of caves, iron boxes mounted on wheels 
are employed for drawing th^ saltcake. In other places the 
cavcs*are placed imdlcrneath the furnaces and are large enough 
to hold a whole day’s make. Fig. 42 shows this arrangement. 
Behind the furifjicc-doors cast-iron pipe.s, f2 in. diameter, are 
carried in a slant^ig direction downVards through the arch of 
the cave. The latter is connected by means of other pipes 
with thew hydrochloric acid ccAiden.seTs, preferably with a special 
small condenser, which is connected with the chimney. The 
bottt)m of the cave is formed by a ca.st-iron plate, below which 



cold air is introduced by means of holes in the wall. This air 
ri»cs upwards in slots in the back-wiill of the caves, and thus 
cools that wall as well. *T<he saltcake is not taken out of the 
cave before it has sufficiently cooled down, and as long as it 
continued to give out vapours, which generally takes about 
twelve hours. ‘Then only is it removed by means of a lift. 

The vapour gi\'en off by fresh hot saltcake consists mostly 
of sulphuric acid or arihydride, if the operation has been so 
conducted as to furnish a strong .saltcake, but of hydrochloric 
acid in the* case of weak saltcake (with 3 per cent. NaCl or 
more). .The prickling smeft of the latter acid on drawing the 
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batch permits a kind of judgment to be given upon the strength 
of the saltcake. , 

Whether the ivork in the furnace has hce4i good, is jtidged 
partly by the appearance of the saltcake, partly by testing. 
The properties whi<Jli good saltcake ought to j^ssess have been 
described on p. 6o; it should be a finely frahied, yellowish- 
white mass free from lumps. The red* colour often exhibited 
by the lumps does not prove thai they contain more ^cn than 
the remainder, but merely that the iron, contained in the white 
saltcake as nearly colourless sulphate, has passed over into* red 
* ferric oxide at the higher temperature, wh’cb hi/^^lraused the 
lumps to be formed. 

• The lemon-colour shown by hot saltcake, even such as 
becomes quite white on cooling, seems to come from iron ; for 
it is not shown by the saltcake made in the mechanical furnaces, 
which contains less iron. 

For any irregularities in the outward appearance of the salt- 
cake, such as lumps, fluxings, unequal calcination, etc., the 
furnace-man (roaster-man) will have to be made responsible — 
also if the analysis shows that much free acid is present together 
with much undecompo.scd salt. But if a fair average sample 
shows only cither too much salt or too much acid, this is the 
fault of the pan-man, and the mixture has then to be changed. 
Saltcake not containing above \ per cent, free NaCl and i per 
cent, free acid (calculated as SOj was formerly caljed very 
good, but nowadays even greater purity is caFled (or, as we 
shall see when speaking of yields. 

Special Methods of making Saltcake. — Wigg (B. P. 5105, of 
1879) p^roposed keeping out the air more than is otherwise done 
when working saltcake furnaces, in order to get stronger acid. 
This was to be done hy^ passing superheated steam into t 4 ie 
furnace. It is doubtful whether the* cost and other drawbacks 
of this process do not outweigh its advantage. It is true that 
it is useful to saturate the gases with steam, ds we .sh^^ll see in 
Chapter VII., but this can be done more cheaply by the Ijeat of 
the gases them.selvcs. * 

Pedder (B. P. 4712, of 1891) proposes a very peculiar style 
of work. Rock-salt is to be mixed in a Weldon still with a 
sufficient quantity of shlphuric acid to which a thir^\)f its bulk 
of hydrochloric acid has been added, and the decompijsition is 
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to be promoted by steam. The liquor is to be run off for 
crystallisation, and the mother-Jiquor [which is greatly diluted !] 
is used over again, in the next treatment of salt. The crystals 
arc roasted [what does this mean ?], in order to drive out the 
hydrochloric aci^. The vapours, as well as /those from the still 
are pa.sscd into'a d^ndcnscr. In lieu »f a Weldon still, the work 
can be done in ordinary saltcakc furnaces, in which rock-salt is 
treated \yith a mixture of su^phurio and 'hydrochloric acids at 
such low temperature that no bisulphate is formed. [This 
f)assftge is quite absurd, and the idea of making rock-salt more 
easily dccd?Ttj)osablc by adding hydrochloric acid to it is also * 
very crude.] 

Walker (H. P. 22853, of 1854) mixes with common sal'i 
sufficient sulphuric acid to form an acid sulphate, which is 
treated in one of the following ways : — Either it is cooled, 
roughly ground, mixed with monosulphate and salt, and heated 
in a second furnace with a mechanical stirrer ; or else it is 
run out of the fir.st furnace in the fused state over a weir 
into another compartment, where the mixing takes place. To 
obtain nitric acid, nitrate of .soda is treated in the same manner. 

I Neither of the.se processes has any economic value.] 

Ih. Me\'er, in his Ger P. 186398, propo.ses a .style of work 
c-ntircly different from the ordinary method. The common salt 
ii> dis.solved in a great cxcc.ss of hot** bisulphate, which is 
easily done in a cast-iron pot. At the .same time concentrated 
sulphuric acid, with at lea.st 90 per cent. H,SO„ is run in. In 
consecjuencc of the difference of the .specific gravities of fluxed 
sulphate and .sulphuric acid, a regular circulation of the latter 
and good mixing goes on without manual labour, and dry, 
highly concentrated IICl is given off. The fluxed bisulphate 
is-eontained in a semi-globular pot \^nch is heated externally. 
Into this is fed cc>ntinuou.sly ground .salt and 93 per cent, 
sulphuric acid, while at the bottom the re.sulting mixture of salt 
and partihll)’ deefanposed bisulphate is constantly run off. (This 
process hardl)- applies to a regular manufacture of saltcake, but 
to that of highly cbnccntratcd hydrogen chloride and of bisul- 
phate, which must be utilised in .some other way.) 
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Meohanioal Saltoake-furnaoes. 

Up to the year 1875, the process of d^jcpmposing sa|t was 
universally conducted by one or other of the methods described 
above, but the mcqhanical furnaces came so r^idly into fVivour 
that they for a time threatened to oust# tlie hand-worked 
furnaces. The disadvantage that the3f'gavc a weaker hydro- 
chloric acid proved Serious, and J^y 1900 the tendency was to 
revert to the older form. Since then, however, mechanical 
furnaces have been improved in detail and their use is ‘4 the 
present time extending. There are two serious ^fawbacks to 
working with hand-worked furnaces which cause it to be a very 
disagreeable business. The first of these is the sometimes un- 
avoidable escape of pungent hydrochloric-acid vapours, issuing 
on stirring up the charge in the pan and roaster from the 
working-doors, which are, of course, very troublesome for the 
men and are also injurious to health, although not to the same 
extent as chlorine or nitric-acid vapour, .so that the saltcake 
men on the whole are not the worst off in that respect among 
chemical workmen, of which they form one of the best-paid 
classes. But in bad weather, and with insufficient draught, 
sometimes thick clouds of acid vapours issue from the dccom- 
posing-shed and cause a nuisance in the neighbourhood. It 
will not do to stop this by increasing the draught in the co;i- 
dcn.sers (which would not be very easy in many case.s), for this 
might readily give rise to the opposite fault, •viz., render the 
action of the conden.sers imperfect and cau.se acid vapours to 
escape from them. The freqiftmt escape of acid vapour within 
the decomposing-shed is generally proved by the fact that the 
roof of the shed is very much affected, and that tiles, slates, 
etc., can be made to stand for some time only by a thick ^^oat 
of tar. * ^ • 

Another drawback of the decomposing-furnaces worked by 
hand is the fact that the manufacturer is to a great extent 
dependent not merely upon the skill, but also, upon the good- 
will of the men, especially in the case of tke ]pan. If the men 
lack either the one or the other of those qualities, the conse- 
quence will be not merely, as in other processes, the spoiling of 
a batch, but very frequently the cracking of a pan, with its 
attendant heavy cost and interruption of work. Also in the 
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case of strikes it is impossible to replace the pan-men by men 
taken from other occupations, jincl they frequently trade upon 
this position. . • 

These considerations have caused several attempts at turning 
the process of decomposing salt into a mechanical operation, in 
order, on the (Tnethand, to relieve the workmen from a very 
disagreeable and unheafthy occupation, and, on the other hand, 
to make the manufacturer Ic^s deptndenf upon the skill, the 
goodwill, the whims, and the sobriety of the men. For some 
time, those attempts were not successful, as the apparatus did 
not resist tTt^simultaneous action of heat and of acid vapours. 
The first somewhat satisfactory solution of the task was the 
mechanical saltcake furnace of Jones and Walsh (B. P. 1864; 
of 1875). This furnace and the results obtained with it and 
a number of improvements and modifications in construction, 
have been exactly dc.scribed and illu.strated by diagrams in 
the first edition of this book, Vol. II., pp. 97 to 106. The 
furnace po.ssessed a fixed, circular pan of 14 or 16 ft. diameter, 
with flat bottom and a flange all round, heated from above by a 
coke fire, from a fireplace arranged on one side ; in the centre 
of the pan a perpendicular iron shaft was made to revolve, with 
horizontal side-arms and stirring-ploughs. No further descrip- 
tion need be given, as the fir.st furnace of Jones and Walsh, 
in. spite of the great praise originally •accorded to it, and 
though thirt)' such furnaces were really erected (none of them 
certainly according to the drawings given in the patent speci- 
fication), had too many faults. The inventors themselves 
superseded it by a new construdion (B. P. 2481, of 1877), in 
which the fixed pan with revolving stirrers is replaced by a 
revolving pan with fixed .stirrers, as shown in Figs. 43 and 44. 
Th<4.pan A is made of wrought-iron, whh a cast-iron lining; it 
rests on a central footstep, C, which is protected against the 
action of the chemicals by a collar, D, connected with the pan 
itself. Tht circumference of the pan is provided with a collar, 
E, which dips into a circular fixed spout, F, filled with sand, 
attached to the brickwork and forming a gas-tight lute during 
the revolution of the pair. The cogwheels G and H produce 
the revolution of the pan, whose weight is carried by the pulleys 
J J, runnings bn the annular rail I, similai to a railway turn- 
table, The pan is covered b>^an arch' whose commencement is 
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visible at K ; one side of this has a communication with the 
laterally arranged fireplace, tl^e other with a flue fo^ taking 
away the gases. Opposite the former opening the central shaft 
is fitted at an angle of 6o degrees with two strong arms, L L, to 
which are attached a number of stirrers (B)^r ploughs (M) at 
equal distances, in such manner that the pfeughs of one of the 



Fig. 43. 



• Fig. 44. ^ 


arms work in the interstices left by the ploughs of the other arm, 
and thus rake up the whole bottom of the pan. TiTe cast-iron 
lining, provided for protecting the outer wi'ought-iron pan 
consists of several segments, connected by* a *special expansion 
joint described in the patent. * 

The charging of the pan was to take place by means of a 
movable spout, which was to be lowered in a slaving position 
at the end of an operation, so tl4t during the revojution the 
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contents of the pan would partly rise up in the spout. This 
plan evidently did not answer ^ts purpose, for a new patent, 
No. 9;»6, of 1880^ ile.scribes another kind of sand lute and 
a much better discharging-arrangement, which is sufficiently 
explained by Fig, 45. This new patent alsci describes another 
kind of cast-irort skirrer of bent shapo^ firmly fixed to one side. 
From later information* given by Jones ^ it is .seen that this 
.stirrer is placed in .such manner as to leav*e at the pan -bottom 
a crust of saltcakc about i inch thick, which affords a good 
protection to the metal against the acid. The pan thus remains 
practically ifTTtouched, whilst the .stirrer must be renewed once 
every two months. 

h'ig. 45 shows the more recent form of the Jones furnace,* 
according to a diagram published in the above-mentioned Pro- 
ceedings, without any accompanying de.scription. The stirrer a 
is .seen in the left half, .shown in .section. Fig. 46 represents 
half of the pan on an enlarged scale, and gives .some details, 
e.spcciall)' for the feeding of the salt (at <7) and the acid (at b), 
and the connection of the revolving pan with the fixed brick- 
work at c. I'ig, 47 .shows that Jones later on adopted, like 
Mactcar, a continuous .s}’stcm of feeding, by means of the 
conveying-worm a ; it also .shows the fixed stirring-blade b and 
the di.scharging-.scraper c. Thc.se adjuncts do not seem to be 
prQvided in the majority of Jones furnaces actually constructed. 

The mechanical construction of the Jones furnace does not 
seem to be so eklborate as that of the Mactear furnace (which 
was constructed subsequent to it) ; at all events it is inferior to 
the latter as regards the condcns^^ion of the hydrochloric acid, 
which in both cases is intimately mixed with fire-gases ; but in 
the Jones furnace it is given off at first ver\’ rapidly, afterwards 
vcr>uslowly, ju.st as in hand-furnace.s. Ij is certainly po.s.sible to 
condense all the acid, but’ tlx* acid is mostl)' too weak for sale. 
In order to effect a complete condensation, the work must be 
carried on \nuch more slowly than the inventors had assumed, 
and this naturally involves a larger outlay for fuel, labour, and 
interCvSt on plant tfiarf originally expected. 

• In spite of its considerable co.st and the above-mentioned 
drawbacks, the various forms of the Jones furnace were* .speedily 
adopted by ifiany chemical manufacturer^ By 1878 thirty 
^ * Proi\ S(H, Chfm}ln(i.y 1S81, p. 85. 
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furnaces of the older type had been erected, most of which 
have loijg been stopped. The gecond, greatly superior, system 
was also widely u.s^.i It seems to be decidedly better adapted 
for the manufacture of potassium sulphate, for which it was 
employed at Mejsrs Vorster & Griineberg's, near Cologne. 
With this furnace fit is possible to avoid all nuisance to the 
neighbourhood, to condelise all the hydrochloric acid (although 
not sufficiently .strong), and make excellent saltcake with 
4 per cent, less sulphuric acid than in hand-furnaces (viz., 
85-80, per cent. H„SO^ to 100 dry NaCl, against 8376 per 
cent. H^SOfiK^quired by theory). The consumption of coke 
is stated to be 12I per cent of the saltcake for .sodium sulphate, 
and [5 percent, for pota.ssium sulphate. The saving of labour 
in compari.son with the hand-furnace is two-third.s. A furnace 
of the kind de.scribed yields yl tons of saltcake in twenty- 
four hour.s. 

An enormous Jones furnace was erected at Gateshead. The 
pan is 32 ft. in width ; the central pan is 15 ft. in diameter and 
leaves an outer annular .space of <S ft. 6 in. width with three stirrers 
forming the working area proper. The firing takes place with 
Wilson gas-producers. The charge consists of 25 tons of finely 
ground rock-salt, and can be fini.shed once every twelve hours ; 
the di.scharging takes twenty-five minute.s. The hydrochloric 
aci(] runs from the towers 33"’ to 26° Tw. (ntbasured cold). The 
cost of such a furnace with six coke-condcn.sers, roofs, gas- 
producers, etc., amounted to nearly 4,000. The starting of 
the.se furnaces is said to have caused great difficulties. The 
application of the Wilson gas-prollucers for this purpose has 
been minutely described in the J. Soc. Chan, hid., 1883, p. 456. 
It is there stated that formerly the consumption of coke pc? ton 
of s^tcake was fij cwt., costing 3.S. pd., together with 4 d. for the 
firemen ; with the gas-produc^ers the consumption was bj cwt. 
coal, co.sting merely is. 2d., together with iid. for labour and 
steam— thai is, about 2s. per ton. [This statement, however, 
takes no account, of the fact that with coal as fuel for open 
roasters fiie condefised acid is ahvays much weaker than with 
coke ; (/ p. I lo.] • 

Lunge saw some of these giant furnaces at work in i&Sp.with 
Wilson producers. The saltcak& made tested only o-i or 0-2 
per cent. NaCl, but the hydrocRloric acid tested only 10° Tw. — 
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a drawback which would not be tolerated under ordinary 
circumstances. ^ , 

In 1907 there were three Jones furnaces tit| work on Tyneside, 
for the manufacture of saltcakc exceptionally free from sodium 
chloride. \ ^ 

Macteat^s saltcakc furnace (Ik P., 28th Movr 1879) is shown 
in Fig. 48 on a scale of It is a revolving furnace, ver}' much 
on the principle of Ihe carbonal^’ng furnace constructed by the 
same inventor (Chapter XI 11 .). The frame, d, of the j:an runs 
by means of wheels, on an annular rail. Tlu: lute is mii,de by 
• a flange, suspended from the girder a bearing 4 lfe arch, and 
dipping into a circular spout, j, filled with sand, or preferably 
•with ground saltcake. The revolution is effected by a cogwheel 
attached to the lower side of the pan, moved by the cogwheel 
which is driven by the gearing t. 

The principal peculiarity of this furnace is its continuous 
central feeding, for which the central cast-iron pan e is provided. 
The remainder of the large pan is lined with fireproof bricks, 
boiled in tar, and .separated from the metal by a .special 
cement, resisting both heat and acid. In this lining there arc 
annular corrugations behind d we find the cast-iron 

compartment for receiving the finished saltcake. The central 
pan e receives both salt and sulphuric acid continuously in 
exactly regulated {Proportions — the acid through pipe /, Jhe 
salt through a worm coming from the hopper h and ending 
above pipe /. The salt arrives by a chain of biTckets (not shown 
in the drawing) which runs over pulley and is moved by the 
gearing k attached to the c^^gwheels of the stirring-apparatus. 
The gearing /, mentioned above, drives also a cogwheel w, which 
drives four other cogwheels placed in the same plane, and thus 
carries along the four ^stirring-blades fixed in frame b By 
their action the magma, formed in^h 5 central pan e and running 
all over its margin, is worked over whilst passing underneath 
the blades, and is gradually moved towards* the cineumference, 
where it is found to be converted into a dry ppwder of finished 
saltcake, and is continuously discharged ‘info compaftment Oy 
which with its continuations r, beflt twice at a right angle, 
connects with the fixed annular spout/, and is there luted by 
sand. This spout Iftads^to the collecting-box from which the 
saltcake is removed from time tb^time. 
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stirring-apparatus cast-iron partitions 
space, covered by the pan-arch and 



-pour.. These vapours escape through two'Ltdrt p^plf™ 
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both sides of this chamber. A later patent (No. 10812, of 1884) 
gives some improvements in dejails. 

Such a furnace produces on an average! i.ton of saltcake per 
hour. The condensation of the hydrochloric acid, in spite of its 
being diluted witlt.fire-gases, is quite perfect ((js per cent, of the 
theoretical quantity), owing to its continuoiis evolution. It is 
stated that, without employing an)' pefet- condensers, the acid is 
stronger than from dpen roaster^ and quite as good as from the 
best blind roasters, whilst it requires only half the condensing 
space needed by the latter. But this a.ssertinii seems .to be 
exaggerated. It goes without saying that here alsft there is no 
e.scapc of acid vapours into the working.shed, that there is a 
•great saving of labour, that the quality of the saltcake is very 
good, and that rock-salt is as easily worked as pan-salt. Repairs 
are not so frequently required as with the Jones furnace, which 
also produces much less. 

In hdg. 48 the fireplace is shown as an ordinary fire-grate. 
In practice, as in the ca.se of the Jones furnace, it is neces.sary 
either to burn coke or else employ a well-regulated gas-producer, 
otherwise the condensers would soon be stopped up with soot. 

The saltcake can be easily made to contain less than 0 5 per 
cent. NaCl and o-8 free SO.,. Mactear^ gives the following 
average [?] analysis of a batch of 35 tons .saltcake from his 
furnace 97.96 Na.5SO„ 0-53 ITSO^, o-io NaCl, m6 CaSp^, 
0-25 insoluble in water (with 0-09 Fe.p3, all insoluble in water, 
0*05 coming from the acid and 0-04 from the^furnacc and the 
tools). It is equally ca.sy to make saltcake in fine powder 
for gla.ss-making, or in a deffser state, but free from .semifused 
lumps, for black-ash furnace.s. 

^fhe following analysis of Mactear saltcake is from a private 
source i—Na.SO^, 97'40; NaCl, 008; H2SO4, i-oo; Fg.Og, 
0 08 ; Al.^Oy, 0*06 ; Ca^O^, 0*97 ;• MgS04, ‘^’^3 » in.soIuble in 
HCl, 0-02 ; HgO, 0 30. 

Mactear claims the following advantages for Jtis furnace. 
Whilst a Tyneside open roaster (as shown pp. 97 sf^.) finishes 

68 tons of saltcake per vv'cck of six days, and fequires three men 
per shift to work it, equal to 1 1 tons per man per week, the 
Mactear. furnace finishes 144 tons per week of six days, or 72 
tons per man per week. In a^ldition to this, fou each two or 
^ /Viv. Ckemk Ind.^ r., p. 75. 
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three furnaces, one man is required to look after the engine and 
machinery. Altogether the actual amount of labour is reduced 
to one 4 burth. Tfw:* lubour cost for Tyne open roasters is 3476d, 
for Glasgow blind roasters 35'49d., for Mactear furnaces l4-CX)d. 
per ton of saltcakp. The fuel required for the' latter is 4^ cwt. of 
coke per ton of \saltcake, or an equal quantity of small coal with 
gas-producers. There i^also a saving of 3 per cent, in sulphuric 
acid [this^has been denied by Carey]. The following table is 
interc.sting as .showing the work done by other kinds of furnaces 
as wvll. The figures (Lunge’.s) refer to the cost per ton of 
saltcakc : — * 




Tynii 

GlasRow 

Mactear 




ojM“ii roasterH. 

close roasters. 

fu maces. 




8 . 

s 


s. 

■ 

2-90 

2-96 


M 7 



Cwt 

Cwl. 

Cwt. 


Coke 

Coal 


4-2yat los. 

2.40,, ss.sd.j*''^ 

10 at 5s. 6d. 2-75 

4-50 at I 2 S. 

2-70 

Steam 


... 


0*50 

Repairs 

Int. and iJcii 

1. 20 

1-50 

1-50 


0-92 

jicr rent. 


0.50 

0-75 


0-64 

Deduct 3 pel 


: 7-55 

7.96 


5-93 

(Cllt. 




of vitriol .s, 

aved 


« 


1-00 

« 





4*93 


This does not include the royalty of 6d. per ton for the 
Mactear furnace. The statements concerning the latter were 
attacked as being much too favourable in the discussion follow- 
ing the reading of Mactear’s paper {ioc. cit., p. 143). Carey states 
the cxpen.se per ton of saltcake with his blind roasters = 2-87s. 
for labour, i«4.s. for coals (^t 4s. per* ton), 0-548. for repairs, 
and 0-42S. for interest and depreciation ; together 5-245., not 
7-96, as calculated, by Mactear. We must point out, in justice, 
that both were interested parties, since Carey was alluding to 
the Deaton plus-pressure furnace owned by the firm of Gaskell, 
Deacon & Co., in which he was a partner. 

According to a letter received from Mr Mactear^ in 1882, 
he then worked his furnace with Wilson gas-producers, and con- 
sumed per ton of saltcake 6^ cwt. of* very inferior coal at 3s, 
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per ton. But in the official French Exhibition Report of 1891 
(p. 72), Lequin, the general manager of the Saint-Gobaiui wo-ks, 
states that he had to abandon the gas-prcfducers and go back 
to coke, and that hence the expected saving in fuel had not 
taken place. \ ^ 

Dr Lunge was privately informed that ^n ^ large factory 
where both kinds of furnace were use*(l, the Mactear furnace 
was greatly superior to even tht most recent kind pf Jones 
furnace in the matter of repairs. Even the Mactear furnace 
gives some trouble with its bottom, which is best overromc 
in the following way The wrought-iron pan is fifst covered 
with a layer of gypsum, then comes a thick sheet of lead, on 
this again gypsum, and in the latter acid-proof bricks are 
embedded. The stirrers are not separated from the fire by 
partitions ; they last several weeks, and do not give anything 
like so much trouble as those in the Jones furnace. 

At the Chauny works that stirrer in the Mactear furnace 
which is nearest to the centre, and therefore yields too much 
iron to the saltcake, has been replaced by a stoneware 
stirrer, which is possible, as the mixture is .still very thin at 
that place. 

As regards the condensation of the acid, Mactear states 
that a coke condenser 5 x 5 X48 ft. suffices for a furnace turning 
out 3c tons in twen!y-fnur hours — that is, 40 cub. ft. per ton 
of saltcake in twenty-four hours — whilst the best open roasters 
require 400 cub. ft, and 210 decomposing furna(?es examined in 
1867 had an average condensing space of 484 cub. ft. {cf. reliable 
information thereon in Chapter VI.). Post-conden.scrs are not 
required.^ According to his circular, even with in.sufficient 
preliminary cooling the acid runs off at 25" to 2 f Tw. (in a 
letter to Lunge, Mactear .speaks of 24'' Tw'.), and rcpresqits 
98 per cent, of the theoretical qimnfity. There is absolutely 
no “low-level escape” even during discharging. The repairs 
amount to only 8d per ton, less than with hand -furnaces for 
the pans alone. It has been already pointed out that the 
saltcake is very good, and that rock-salt is* worked as easily or 
even better than pan-salt (p. 55). Taking into account that 

* Carey* stated in the discussion tha^the above figures are much too high ; 
his firm has tu ly 1 50 cub! ft. p( condensing space, and post -condensers have 
been entirely abandoned in Lancashire. * 

K 
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the Mactear furnaces require much less condensing space, floor 
space, and roofing, even the p^mc cost of plant is stated to be 
below* that of hand-Airnaces. 

In the Paris Exhibition Report [cf p. 20 1), Lcquin states that 
at Chauny cxtrqTicly large condensing appafratus was provided 
for the gases frbm^Mactcar furnaces (to be described in Chapter 
VII.), but that the acid only got up to 28" Tw,, whilst some 
English ivorks only get up t(i 2 p. dn order to get up to the 
strength of 33"' Tw. required for commercial acid in France, it 
was 4icccssary to make some extra strong acid in iron cylinders, 
and to charge the saltcake from these in the Mactear furnace, 
which causes much expense. 

Formerly in P'rance, as well as in England, many Mactear 
furnaces had been provided with Wilson gas-producers, but 
these have been again replaced by coke fires, probably because 
the difllculty of making strong acid was too great in the former 
case {(f. p. 138, with reference to the Jones furnaces). 

In spite of its high cost (£2000 for the furnace alone), the 
Mactear furnace was widely introduced in the larger alkali- 
wf)rk.s. Nowadays this would hardly be the case, as it labours 
under the same drawback as the Jones furnace, viz., that the 
hydrochloric acid cannot be made strong enough — a drawback 
which is inseparable from the principle of driving out the 
whole of the acid by (^pen fire ; hence tlie fact, mentioned on 
p. 1 19, from the Alkali Inspectors' Reports, that the works fitted 
up with mechanical furnaces, in .spite of the large sums invested 
in the.se, were gradually replacing them by hand-worked plus- 
pressure furnaces, in order to increase the yield of strong acid. 
To this we must add the expense for fuel, as in 1889, for 
example, cr)ke cost on the Tyne 9s., but coals only 3s. 6d. per 
to». In Iki.stol in 1907 three Mactear furnaces were .still at 
work, but the.se took the half-finished saltcake from the ordinary 
pots and onl)' did the calcining work. 

At tltb pre.scYit time, the tendency is again towards the 
introduction of . mechanical furnaces, for a variety of reasons. 
The difference in cd^t of coke and coal has diminished, the cost 
of labour has very greatlf incrca.sed, and various improvements 
have been introduced in the details of the mechanical«furnaces. 

Other Mechanical Furnaces , — Newall fB. P. 2417, of 1880) 
proposes to make decumpoSing-pans of phosphorous bronze, 
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with a double bottom, heated by steam or hot air, in order to 
get the mechanically stirred mi.tture of sal| and sulphift*ic ucid 
up to 120^ If the decomposition is to be finished in th& pans 
themselves, the mixture must ultimately be brought to 350° C. 

Herman (B. P, *^3983, of 1887) proposes discharging the salt- 
cake from mechanical parft by means of^a moving chain band. 

A number of inyentors have tried to avoid the greatest 
drawback of the previous mechanical furnaces, viz., the. mixture 
of the whole of the acid vapcairs with the fire-gases. 

A patent of Black and Hill (dated 14th June 1877) is intCiUlcd 
to avoid this, by reverting to the principle of carrying on the 
operation of decomposing in tw'o separate stages. "J'he pan 
heated from above and provided with revolving stirrers is 
essentially retained, but only that function is left to it which 
belongs to the calcining furnace or roaster of the ordinary 
proce.ss. The first action of the sulphuric acid on the salt takes 
place in a special apparatus, also provided wu'th stirring-gear, 
but heated from below like an ordinary dccomposing-pan. This 
furnace is illustrated and de.scribcd in our first edition, Vol. 1 1 ., 
pp. 107 to no, but it has been replaced at the inventors’ works 
by the ncw'cr construction of Black and Larkin, described below. 
A further step was taken by Cammack and Walker (B. P. 
3rd March 1876), whasc furnace (illustrated and described in 
our first edition, pp. iio to 1 14) consi.stcd of a cast-iron tube, 
3 or 4 ft. w ide, into which at one end .salt and^ sulphuric acid 
was continuously fed, and was moved along the tube, so that 
finished saltcake w'as discharged at the other end, and the HCl 
was continuously given off in an entirely uniform stream. This 
altogetjicr avoids the necessity of open firing, and causes the 
whole of the HCl to escape in a concentrated state and quite 
uniformly during the ^jLole time of working. This very 
interesting furnace w'as erected b;^ Messrs Golding & Davis 
at Widnes, but was soon stopped, bccau.se the mechanical 
difficulties could not be overcome. The two ‘shafts inside the 
cylinders, for which no intermediate bearing can be p^pvided, 
soon sagged under the influence of the heat. Owing to this 
the teeth and scrapers did not work properly, and the mixture, 
instead of ‘moving cv^enly along tjie cylinder, stuck fast to the 
sides of the Ov linder and stopped it up. As this furnace would 
be extremely favourable for Deacon's chlorine proces.s, his firm 
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took it up, but soon abandoned it, and we must therefore refer 
to the description o^it in our first edition, 

Hizlchurst’s fdrnace (B. P. 509, of 1882) consists of a decom- 
posing retort, turning on horizontal hollow trunnions ; through 
one of these thc#^ulphuric acid is introduced, through the other 
the HCl escapes ;\hc locating takes ^lacc from below. Within 
the retort, near the top, scrapers are attached to a rod fixed to 
one of the trunnions, for kccphig the*sides clean. (There can be 
no doubt that this apparatus will not answer in the long run.) 

Mackenzie (B, P. 304, of 1883, not .sealed) proposes con- 
necting a scries of retorts, through which the materials pass in 
succession. 

Walker’s furnace (B. P. 9760, of 1887) rc.scmbles that of 
Cammack and Walker, but differs from it by providing tw^o 
revolving cylinders with agitating gear, the lower of which 
receives the mixture from the higher one in order to fini.sh it. 
It is unlikely that this furnace has ever been con.structcd. 

The onl)' mechanical furnace which has been approved 
by a practice of some duration, besides those of Jones and 
Mactear, is an invention of l^arkin’s (JBack and I.arkin’s 
patent, 4718, of 1884), and is shown in Figs. 49 to 51. It is a 
combination of an ordinary decomposing-pan of the type 
described on pp. 86 cl scq., with a circular muffle, provided w'ith 
a*mcchanical .stirrer. The furnace-bottom ^ consists of earthen- 
ware or iron ^slabs and rests on dwarf walls forming the- 
partitions of the fire-flues. In the centre there is an iron pipe, 
b, with an outer protecting pipc,^„, made of stoneware ; this pipe 
passes through the furnace-bottom and the flue below, and 
serves for protecting the agitating-shaft c, A number of small 
fires, one of which is visible at d, are arranged at one end of the 
fifrnacc, and .serve for heating the botbim of the muffle, the top 
of which is heated by another row of fires at the opposite end, 
at e. The muffle is very low and its cover is formed of metal 
plates, resting on H"i^hapcd iron girders, which at the same 
time s<yve as pti/titions for the flues The interior of the muffle 
is accessible by vvorkintj-doors, which serve for discharging. 
The charging takes place from the top through pipe //, which 
comes from ^ the decomposing-pan /, with the gas-pfpe /. The 
pan can be heated by the waste heat 'from the muffle-fires. 
I he acid vapours escape at t^e side of the muffle through pipe 
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without mixing with fire-gases. The agitating gear consists of 
the shaft c with horizontal arn^ to \^hich arc attachorl 
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the acid vapours by the pipes h b^. It is steadied at the top by 
means (jf a bracket fixed to one pf the girders and below by the 
footstep The snrfdll flues from d and e combine into a main 
flue; the firing takes place on the plus-pressure plan (p. 1 14 
et seq^j^ in order ^0 render any leaks of the iduffle harmless. 



MG. 51. 


We take the* following further details from a paper of 
Rennoldson ^ i—The moving parts arc very strong where this is 
requisite, but nof unnecessarily heavy where this is not called 
for. The replacing of one large fireplace by many small ones, 
each of them provided with a separate damper and very easy 
to manage, of extreme imjjortance for attaining a uniform 
* /. Soc. Oufd. lnd.y 1885, p, 316. 
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heating of the muffle. The fire strikes direct iy from the front 
to the back, without having to Jtravcl backwards and forwards ; 
hence very little draught is required, aifd the plus-*pressure 
system is easily carried out. The application of a close muffle 
with mechanical ajtitator unites the advantages of all systems : 
excellent decomposition ^dthoiit manual labo^f, jjvoidance ol any 
low-level c.scapc from the (closed) doott, complete condensation 
of HCl without post-condensers, and production of ti*e strongest 
hydrochloric acid. As tlu* muffle-doors remain clo.sCd during 
the work, and no false air can get in, much more draught than 
usual can be given in the condensers, which is vesy desirable 
even for the pan /. Rcnnoldson gives the following results of 
•three months’ work with three Jilack and Larkin furnaces: — 


Salt decompost d, on an average, per furnace in a 


week of six days 


78 tons. 

Sulphuiic mad consumed on damp salt . 


78 per cent. 

Yield of salicake 


no „ 

Percentage of St)_, in the salicake . 


0-4 n 

Percentage of NaCl in the saltcake 


1-3 M 

Temperature of gas from pan and roaster 
condenser inlet . ... 

at the 

79 - 5 " 

Test of gas from pan and roaster at the condenser 
outlet, per cubic foot 

O' 19 grain. 

Ijitto in chimney 


07 » 

Test of hydro( hlori« a( id produced 

29" Tw. at 15 5“ C. 

Bleacliing obtained, i ton from each 


46 cwt. salt. • 

Labour per ton of saltcake (formerly 2s.) 


IS. 9d. 

Steam (fuel and labour for) 

• 

os, ijd. 

Fuel for pan and roaster, 7I cwt. small coal 

• 


lo. 3 d. 


The repairs during fourteen months were practically nil; 
only T;he .scrapers had to be replaced. 

In the ^di.scussion T. W. Stuart, one of the most competent 
judges, pointed out that the Bj^ick and Larkin furnace* as 
regards the production of chlorine equals the Jones and Mactear 
furnaces, and is superior to the Deacon furnace the small 
saving of wages (about lod. per ton of saltcakc) again.st the 
latter will be partly, at least, covered by t|;ie e^tra rep&irs. Its 
essential advantages are that of a r<»ally efficient machine over 
hand laljour, the complete removal of the low-level nuisance, 
more con^oletc conden.sation, ^mbined with grj^at durability. 
According to the Alkdh Inspccugrs^ Report^ two such furnaces 
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were erected in i8go, which seems to prove their efficiency. It 
must, however, not be overloojced that the Black and Larkin 
furnac^ docs not abblish hand labour for the decomposing-pan, 
and thus does not satisfy that need which first led to the inven- 
tion of mechanical furnaces, but only solves a nfiuch less important 
problem, that of^ g^echanical work in <the second stage of the 
process. ^ 

• Recent Mechanical Salicake-furnaces. 

Thomson and VVorsley (B. P.s. 21945 21946, of 1894) 

employ twcfr dccomposing-pots to each roasting-furnace. These 
pots arc fitted with stirrers and automatic charging-apparatus, 
by which the supplies of salt and .sulphuric acid are regulated .so' 
as to keep the vitriol in cxcc.s.s. The charge, which remains 
sufficiently liquid, flows through a pipe above the level of the 
agitator into the roasting-furnace. This is a round muffle- 
furnace, heated above and below, the revolving top carrying 
.stirrers and ploughs, which mix and gradually move the charge 
towards the outlet, where it is continuously and automatically 
di.scharged. As the charge pas.scs from the pot into the furnace, 
more salt is added by a conveyer-worm, in proportion to the 
excess of acid in the pot. Thus a continuous .stream of hydro- 
chloric acid is evolved, nearly free from water-vapour, and fit 
for the manufacture of chlorine by the D(^con process without 
further drying. 

Hart (Ame« P. 698704, of 1902) forces the mixture of 
common salt and sulphuric acid continuously by means of 
steam into a revolving cylinder, hemted just below a red heat. 

The Ma.schincnbauanstalt Humboldt (B. P. 27061, of 1906) 
avoids certain drawbacks by con.structing every stirrer "“as a 
two-armed lever, and .supporting it on the .shaft in silch manner 
thajt the revolving tendencie.s^of each tw^ diametrically opposed 
.stirrers neutrali.se each other. 

The mechanical furnace of the Mannheim Verein Chemischer 
Fabriken (Gcr. 137906) is e.sscntially intended for working 
up nitre-cake, and*wijl be described in Chapter V. 

K. Oehler and Anilki und Anilinfarbenfabrik (Ger. P. 
165099, of 1904) have patented a muffle-furnace which com- 
municates on. the one hand, through openings in the bottom, 
with a channel running undameath fee whole length of the 
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furnace, for the purpose of removing the sulphate, and on the 
other hand, through two sets of^adjustablc openings in the roof, 
with an auxiliary condensing plant. Whfci\ the hot sylphatc 
is being removed from the furnace, the acid vapours arc drawn 
through the auxili&ry condensing plant. 

With a view particulaily to obviating the •scape of obnoxious 
vapours, K. Ochler (Fr. P. 354467, of ^905) describes a closed 
muffle in which the 'charge is heated, and from whi* h the acid 
vapours are conducted away for condensation witho*ut access 
of air, into a receiver in which the gas meets with an cxcpss of 
moisture. The floor of the muffle is provided, near ^c working 
doors, with traps through which the sodium sulphate is dis- 
•charged into a channel beneath, from which it is conveyed by 
an endless chain into a closed receptacle in which cooling is 
effected. As the discharge takes place, communication is opened 
to a tuyere leading to a .secondary condensing arrangement, 
and opening into the roof of the muffle, close to the door from 
which unabsorbed gases are drawn through the action of 
diminished pre.ssure, thus avoiding c.scape into the air of acid 
vapours. The system of pipes, with their connections and 
means for directing the gases as required are shown in the 
patent specification. (Compare Fr. P. 318386 of 4th I"cb. 1902 ; 
also B. P. 2856 of same date.) 

Another form of^ saltcake-furnace has been patented by^J. 
H. Neild, Assignor to General Chemical Company, New York 
(U.S. P. 1033825, of 1912). • 

Chem. Fabr. Rhenania, C. Thelen, and F. Wolf (Ger. P. 
279997, of 1913) heat the chaif^e in a pear-shaped “pan” mounted 
horizontally and provided with a screw agitator, and then, by 
rotatfng the screw in the opposite direction, force the charge 
rapidly through an opening in the narrow end of the pan intojhe 
roaster. The material^is delivereid on to the circular muffle- 
hearth of the roaster at the centre and is moved across the 
hearth by mechanical scrapers to a discharge opening at the 
periphery. 


Yields and CgsTs. 

The )iield of saltcake from the salt decomposed depends on 
the quality of the mlt and the* care of the mer^ Pure NaCl 
would theoretically yield*i2i-45 per cent, of Na2S04. Salt with 
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7 per cent, moisture (the other impurities remain in the product) 
1 1 2-9 per cent, of saltcake. J'he loss by absorption in the 
furnacQ-bed, spill ip^ etc., can only amount to a small per- 
centage. In England, when employing common salt containing 
6 to 8 per cent, moisture, a yield of at l(?Jist no per cent, 
saltcake is exp€c%d. « 

The statements of Ihe Iklgian Commission, according to 
which some works only obyiined .109, *108, and 102 parts 
respectively of saltcake from 100 of common salt, prove 
cithci; an error in the figures (e.specially for the last case) 
or extremely careless working. Chandclon reports ^ the 
result of exact trials with three furnaces at Risle, where from 
2700 kg. salt, containing 2432 kg. NaCl, 3113 kg. saltcake* 
(=115 per cent.) were obtained, but it is not stated how much 
of the 278 kg. of the crude .salt pre.sent otherwi.se than as NaCl 
consisted of moi.sture and how much of other impuritie.s. At a 
Rhenish works the regular yield is stated at 119 per cent, of the 
salt, which even with dry salt seems extraordinaril}' high ; 116 
to 117 per cent, is generally considered very satisfactoi*}'. The 
yield from the very pure salt of Neu Sta.ssfurt, which regularly 
tests 99 per cent, of NaCl, is actually 1 20 per cent. 

It is quite usual in England to refer the yield of saltcake 
directly to the pyrites consumed, so as to be independent of the 
es^imation of the sulphuric acid produceef, which certainly can 
in no case be called altogether trustworthy. In this way the 
difference betwtien open and blind roasters as to their con- 
sumption of sulphuric acid becomes very clear. In the best 
works on the Tyne (all of them^orking with open roasters) 
ICX) parts of 48 j)er-cent. pyrites only yield 175 to 178 parts of 
97 per cent, saltcake ; 185 maybe called the maximum.* The 
truf average )field in the best works is, upon itx) parts of 
sulphur charged into the* kiins (not actually burnt), about 380 
parts of saltcake, or, assuming that 4 per cent, of sulphur is 
left in tho cinders ( = 3 per cent, of the sulphur in the pyrites), 
on 100 parts of, sulphur actually burnt, 405 parts of saltcake. 
In Lancashire, blind roasters, it is as.serted that 195 to 
200 parts of saltcake are got from 100 pyrites. In most, if not 
in all cases, this assertion undoubtedly rests either upon self- 
deception or Aipon the fact thkt veiy^ j:)oo» saltcake is made ; it 
* Bull. Soc. d^Enc., 1871, p. 323. 
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would correspond to 406 to 4/7 saltcakc per 100 of sulphur 
charged, or 433 to 444 saltcake upon the .sulphur actually t)i’rnt. 
In a factory acknowledged to be one of th(! best-managed in all 
England, only 430 parts of 97 per-cent, saltcake arc obtained 
upon 100 i)arts df sulphur actually burnt. This certainly is 
6 per cent, more than the above-mentioned yield with open 
roasters. From the figures of a celcbmlcd French works, fully 
authenticated by Lunge, a yield# of only 405 parts of .^altcakc 
per 100 parts of sulphui is obtained, and that with blind 
roasters— that is, no more than good English works gbtain 
with open roasters. Probably there was in this ca^c a larger 
loss in the manufacture of sulphuric acid. 

* On the loss of sulphuric atid in the manufacture of saltcake, 
Wright ^ has given .some figures which, nowadays, must be 
considered as ob.solete. Grossmann- enumerates the following 
sources of lo.ss • — Volatilisation of sulphuric acid from the 
roa.ster and conden.sation with the HCl; mechanical carrying 
away of saltcake with the HCl; so-called “free acid” in the 
saltcake ; escape of SO., from the roaster ; formation of sulphates 
from other bases pre.sent in the salt as impurities. On an 
average, he found that of 100 parts of sulphuric acid employed 
in close roasters there was lost ; — 

As “free acid ” in tl^ saltcake 07 parts 

sulphuric acid and sulphates in the hydrochloric acid i-6 „ • 

„ SO.. 0-3 „ 

„ other sulphates (wiili English pan-salt) . . * . 

2-6 parts 

The loss of sulphuric acid in open roasters may be taken as 5 
per c«nt, (Hurter confirmed Grossmpnn’s figures, but Mu.spratt 
declared th^m to be too low.) 

Cosis. 

For the manual labour in decomposing, in, Englai^d one man 
per shift is required for the pan, and he has also to wheel the 
salt and coals and to run the acid ; for th^ rt)*aster usually two 
men are employed, who have also to# wheel away the saltcake. 
If less tljan 8 cwt of salt are decomposed per hour, only one 
roaster-man is neede^I. Conseqfiently with blind *roasters three 

• Ghent. News, xvi., p. 17. ** /• Glum. Inti., 1882, p. 135. 
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men in twelve hours make About five batches of 15 cwt. of 
salt, = 4^ tons 3 cwt. of sulphate; with open roasters usually 
twclve.chargcs of § 4 ) 10, or even loi cwt. of salt, = 5 tons 6 cwt. 
to 6 tons 12 cwt., or 6 tons 18 J cwt. of .saltcake. They are 
always paid according to the quantity of* saltcake got out. 
With mcchanicfif ^^urnaces the laboui* of cour.se, is much less 
(pp. 140 and 144). • 

The consumption of coal foiithc pan at a good English works 
over a long period of time was stated to Lunge at 15-1 lb., that 
of cojee for the open roa.stcr at 23 lb. per 100 lb. of saltcake. 
Lunge hintsclf required a good deal less, viz., only 12 lb. of coal 
and 14-3 lb. of coke, probably because the work was not pushed 
quite so hard. No numerical statements from works where* 
blind roasters are employed and the pans arc fired .separately 
can be given. The statements re.specting works with blind 
roasters and the pans fired by the waste heat of these are 
very contradictory ; a German works states its consumption of 
coal at 34, a French one at 28 to 32, another French one at 
46 parts of coal to 100 parts of saltcake. According to the 
Belgian Report of 1855 (p. 63), the Mou.stier works averaged 
120 kg. of coal to 300 kg. .salt — that is, 37 parts to 100 parts 
of .saltcake; the Ri.slc works, 133 coal to 351 salt — that is, 35 
coal to 100 saltcake. For further statements on the amount 
of/ucl consumed, .sec pp. 144 and 151. * 

In the .second edition of this book (Vol. II., pp. 229-32) 
detailed statemT^nts on the cost of saltcake at Belgian works, 
by Chandelon, arc quoted which we will not repeat, as they 
refer to a remote period (1864), a.fwell as the figures of Kopp, 
from a French works in 1866. The following is a statement, 
from the result of a normal year (1875) in Lunge’s experience, 
ofihe cost ft)r saltcake made with open roasters: I000 kg. of 
sakcakc required — • • ' 


913 kg. salt \\ith ^ per cent, moisture, at 14s. . £0 12 9-4 

959 „ sulphuric acid at 144' T\v,, at 28s. . . .16 10-2 

160 coal, au^s 009-6 

195 „ coke, at 14s.* 028-8 

Wages . . . .* 043 

^ Repairs (exclusive of broken pans) . . . • o 3 

Average cojt of broken pans • . ^ . .005 

m. /-) r» r 



The requisite quantities, etc 


cl 


starting; directly from pyrites, 


591 kg. pyrites, at 48 per cent, sulpluir. 

>i'3 ji ni^ate of soda. 

913 „ salt. 

370 „ coal and 1^5 coke. 

Wages, 7s. 3]d. 

l^epairs (inclusive of^the renewal of chambers), 2s. / 2d. 

In none of these cost-accounts is the value of the hydrochloric 
» acid, obtained as a by-product, reckoned. • 

At several factories on the Tyne it is as.serted that they 
•require onl)’ 540 parts of pyrites for 1000 parts of 97 per cent, 
saltcakc ; at others in Lancashire the amount .stated is only 
513 parts of pyrites (details on p. 154); but since, as a rule, 
statements of )delds are very unreliable, and every manager 
represents his results in the mo.st flattering light, such state- 
ments cannot be implicitly accepted, and it is preferable to base 
the costs upon much less favourable data. Theoretically, lood 
parts of 97 })cr cent, saltcake would only require 218 parts df 
sulphur or 455 parts of 48 percent, pyrites; the loss of about 
20 per cent, of sulphur is to be accounted for partly by the 
residual sulphur in the burnt ore, partly (but to a very .slight 
extent) by a loss oT gas in the chamber process, and partly 
(to a much greater extent) by the excc.s.s of sulphuric acid 
employed in decomposing the .salt. * 

The following statements were taken from the books of a 
Continental work.s, where s^flcakc was made in lead pans and 
calcined in open furnaces, fired with coke. The lead pans were 
from 7 to 8 ft. long, 5 ft. wddc, and 18 in. deep; thickness of 
lead g in. *Each pan and furnace turned out 2J tons of saltciike 
in twenty-four hours, in six batchfe.s,*tne men working 12-hour 
shifts (at 3 frs. per shift). The acid gases from the pan passed 
through thirty earthenware receive’-s of 40 galls. each,*tho.se from 
the furnaces through four stone cisterns, and the combined gases 
finally through a coke-tower, 40 ft. high, •from which the acid 
issued with a specific gravity of 21^” to 25'' Tw.; from the 
receiver9*it issued at 32"^ Tw, The yield from 100 parts moist 
salt (with to 10 pet c^t. wate*r) was 108 parts df 97 per cent, 
saltcake and from 125 to 130 parfs hydrochloric acid^2 Tw. 
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The cost of 100 kg, saltcakcVwas : — 




]8tK) 


18 [> 1 . 

^ % 

Quantity 

I'ru-c 
per ton 

Amount 

1 

Qutulity 

Price 
per ton 

Amount. 

Common salt (damp) 
Sulphuric ^icid (140' Tw.) 
Coal .... 

Coke .... 
Wagfs .... 
Repairs . • . . I 

General cxj>enseb . 

Ik 

90-70 

92-74 

19.15 

19-43 

fr 

14.66 

12.50 

15-15 

30-55 

fr 

1-33 

•3-01 1 

0-29 ' 

0-59 i 
0-47 ! 

0-45 ! 
o-Go j 

kg 

. 92.76 
94-«3 

17-36 

20-19 

fr. 

14- 66 

32-50 

15 - 55 
26-00 

... 

fr. 

1-36 

3 -08 
0-27 
0-52 
0-44 

0-45 

o-6o 

Deduct — 

Hydrochl. acid (33° Tvs.) 

i -5 

21-50 

1 6.74 1 

2-68 

128 

21-50 

G.72 

2-75 




4-06 



3-97 


Thermochemistry of the Reactions. 

The following is a theoretical account of the thermal 
changes taking place in the manufacture of sodium sulphatcd 
The first stage, the formation of bisulphate, shows the following 
heat-values (in kilo-calories) : — 

, NaCl + II 2 SO 4 NBUSO 4 iici 

+977 +192-9 -H 267-8 -f22-o 

The final result is —o-8 K, which is so small a figure as to be 
almost within the limits of experimental error. In the for- 
mation of neutral sodium sulphate the complete reaction is 
endothermic, though not markedly so: — 

2\’«C1 + II»S ()4 * NB..S04 + 2UCI . 

• +195-4 +192-9^ +328-5^ + 44-0 

the result being -15-8 kilo-cals. As a matter of fact, the 
mixture must be-heated to finish the reaction. 

For calculating the total heat required in the saltcake 
furnace Ve assuhiei that the 98 kg. HgSO^, employed for 
converting 117 kg. NaCldnto 142 kg. Na2S04, contains 30 kg. 
HgO ; also that the hydrogen chloride on an average has to be 
heated to 40®'’ C., the steam tb 500", and t the saltcake to 600° 

^ *‘X 

* Fischer, in Z. anhr^. Chem,^ 1888, p. 550. 
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(the latter is rather too low). I The specific heat of sodium 
sulphate is = 0 232, that of HCl 1 = 0-19 , thji heat-units i;cqu‘red 
for converting i kg. HoO at 17° into steam at .500° = 81 2, The 
calculation is then as follows : — 


K. 

Heating the saltcake X 0 232 X 6<:x) . #* # . 19,766 

HCl 73x019x400 ; . . 5,548 

„ Stearns 812x30 -4o^o 

Chemical work as above * . . . . i5f8xi 

Mechanical work of evolupon of gas (estimated) . 5 -6 


66,000 • 


Of course, such theoretical calculations can only .serve as 
•guidance for calculations founded on analyses and direct 
observations of temperature ; but the above is probably 
somewhat near the truth, as both the initial and the final 
products arc not complicated and arc comparatively pure. We 
thus find the amount of heat theoretically required for making 
142 kg. of Na.^S 04 = 66,000 K., or for a metric 1011 = 457,750 K. 
Taking the heat produced by the combustion of coal or coke 
= 7000 K. per kilogram, the production of a ton of saltcakc 
(1000 kg.) ought not to use more than 65-4 kg. of fuel. In 
realit)’, however, <7/ /ras^ 250, and sometimes nearly 400, kg. of 
coal or coke is burned — that is, never less than four times the 
theoretical quantity. * Hven under the most favourable conc^- 
tions three-fourths of tnc fuel is lost by radiation from the 
apparatus and in the chimney-ga.scs. • 

It may be of interest to consider also tlie amount 
of heat (certainly inconsiderable in comparison with the 
other factors) which corresponds to the work performed 
in the evolution of gases />; overcoming the pressure of 
atmospheric ^air. Taking the atmospheric pressure at 760 n^n. 
= 10,336 kg. per square^ metre, and the mechanical equivalent 
of heat = 425 metre-kilograms, the expansion of gas by i cbm. 

requires = 24-3 K. Since the volume of a \ilogram- 

4 ^ 5 ^ • 

molecule of all gases is 22-3 cbm., the consumption of heat at 
0° for liberating 22-3 cbm., or a kilogfam-molecule of any gas, 
is 22-3 X * 4-3 = 542 K. and at 542 (1+0-00367 /) K., for 
instance at lo*" C, 5Sf Applied to HCl this Is, for 2HCI, 
2 X 582 = 1 164 K. ; but as this energy is partly supplied by the 
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chimney draught, we have onl ' assumed 526 K. for this work 
in the a,bove calculayon. 

The icuiperatwes in saltcake muffles have been measured 
by Schuler^ with Scger’s cones. He found them = 1100° to 
1200" C. in the hottest part of the furnace-bed, where the 
ga.ses from ihVi Tiues below ascend ■ to the upper part. But 
these measurements huve but little value, as the important 
point is ^the temperature inside the, muffle, and it is apparent 
that this in the hottest place must not exceed the melting- 
point of ordinary saltcake, Soo"' C. 


Pkopertihs ok Commercial Sai/itake. 


'I'hc salicakc of trade is a more or less finely granulated mass 
often containing larger lumps of melted substance. These lumps 
are always to be suspected of containing a high percentage ot 
sodium chloride, and often entirely consist of this internally. 
The finer grain a saltcake possesses, the better it is on the 
whole. Its colour when hot, as it is drawn out of the furnace, 
is a bright lemon-yellow — if very rich in free acid, even, brownish ; 
if much iron is present, brownish red. In the cold it ip yellowish 
or greenish white, often pure white. A dirty grey (';olour and 
a granular fritted consistence show that the decomijjosition of 
the common salt is incomplete. ; 

The anal)\s^s given below and on p. 16 1 show the composition* 
of commercial sulphate.- 1 

The following analy.scs by ^Theilkuhl (from Knapp, ii., 
p. 396) show the “ free acid ” as acid sul^^iate : — 


SO^Na,, . 
SO.NaB 
NaCl .• 
Kc.j(SOj;, 
Sand „ . 
Moisture . 


From 1 

! 

From , 

From 

Nleiiburg. | 

^ _ _ _! 


, Lliuftburg. 

Oker.» 

96-2 ^ 

93-3 

r 

\ 90-5 

65*0 

0-5 ' 

' 2-4 ; 

1 8<j 

' 31-8 

1*5 i 

2-9 i 

\ 0-03 


0'5 

0*5 i 


1-6 

0.5 1 

0-3 

0*2 

0-8 ; 

ji 

1 

j.., 

0-4 


That from Oker is evidently nitre-cake. i 


' Z. anq^ew. Chein.^ 1897, p. 361.'’ * 

^ Cf. the analyticii processes, pp. 60 et seq. 
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For ordinary practice usually only the undccomposed sa 
and th« “ free acid ^ are estinfated ; the latter is expressed a 
SO3, but is, of ‘course, in reality present as acid sulphat 
(c/. p. 29). The buyers or users of saltcake ^re now much mor 
particular than jprmcrly. Whilst formerly saltcake with i pe 
cent. NaCl and ^ pcr^ cent. SO.j w^s not found fault witl 
nowadays wel 1 -con duct e*d works supply it jjlways below 0-5 NaC 
and i-OtSO.^; with good sal1> an average of 0 3 NaCl and o- 
SO3 can be obtained. 

For glass-making purposes the tro 7 t is also of importance 
Ost 1 fuunS, in eight samples of saltcake made by the ordinar 
process in iron decomposing-pots, from o-o66 to 01 30 per cent 
iron ; in three samples made in lead pans, from 0 009 to 0’02< 
per cent. iron. All of these arc from German works (of whici 
twenty-four decompose salt for the manufacture of saltcake; 
The plate-glass works require a guarantee that the iron doe 
not exceed 0-05 per cent. 

* Z. an^ew. Chem.^ 1896, p. 9. 
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• i. 


VARIOUS METHODS VOR TDK MANUKACTUKE Oh 
SULPHATE OK SODA 

A. Manufacture of Saltcake as a Principal Product 
from Common Sait. 

The following processes have been proposed for making 
sulphate of soda as a principal product from common salt : — 

1. Heating Common Salt ivith Sulphuric Acid . — This is the 
process generally employed, which has been described in detail 
in Chapter III. 

2. Heating Common Salt ivith Sulphurous Acid and 
Atmospheric /!?>.— This is the process of Hargreaves and 
Robinson, described in detail in Chapter V. 

3. Heating Common Salt with Metallic Sulphides^ especially 
Iron- and Copper-pyfitcs (Longmaid’s process). — The idea of 
making sodium sulphate by roa.sting common salt with pyrites 
is a very old one ; Berzelius ^ mentions it as a proposal, with the 
addition of powdered coal. The fact that pyrites, or brown coal 
containing pyrites, under tliese circum.stanccs, yields sodium 
sulphate on lixiviation, must have been already known in the 
eighteenth century ; for the French Commi.ssion of 1792, in their 
official Rcpo!'t, recommended this mode of preparation as pref- 
erable to that proposed by Leblanc?^ 'This judgment certainly 
was proved to be incorrect in practice, and the process was 
probably never carried out to any extent on a large s&ile. But 
attention was drawn to the fact that in the roaming of jnetallic 
sulphides with common salt, as in metallurgical processes, a 
large portion of the sulphur is found *in the calcined mass as 
sodium sulphate; ard Glauber’s salt derived from this source 

Lehrbucit derJChemie^ vol. iv., p. 153. 

^ Wagner^ s Jahresber..^ p. 103. 
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was actually sent into the m; rket. This may have been the 
occasioR of Longmetid’s bringing out a renewal of this process, 
which "Was carried* on energetically for a number of years and 
attracted great attention, but in the end hjjd to be given up. 
His first patent plates from 20th October 1842; a second one 
of 1st JanuaryT344 makes no essentikl addition. He proposed 
to treat metallic sulphides with common salt, in the proportion 
of at lerwst 60 NaCl to 40 sulphur, »in a reverberatory furnace 
with four beds, each of which is a little higher than that nearer 
the fire. The mixture is charged upon the highest bed and 
gradually brought down. The product on lixiviation furnishes 
sodium sulphate, common salt, and copper salts. The copper is 
precipitated by metallic iron, the iron salts precipitated by' 
lime, and the .sodium sulphate obtained from the mother-liquor 
by evaporation, d'he access of air during the roasting must be 
exactly regulated for each part of the furnace, so that at first 
only ferric sulphate is formed, from which at a higher temperature, 
sulphuric anhydride is liberated; this with common salt yields 
sodium sulphate, free chlorine, and sulphurous acid, but very 
little of the latter in the presence of air. The following reactions 
may take place in the presence of air : — 

2 FeSj + 8NaCl + 1 60 = 4Na^S0, + Fe.Cl,; 4- 2CI 

2 FeS.j 4- SNaCI 4- 1 9O * 4Naj,S( ) , +, Fe^Og 4- 8CI ; 

or, in the presence of steam, 

2FeS , 4- 8NaCl f 4 H, 0 4 - 15O - 4- + 8HC1. 

The latter reaction is only a Secondary one in the original 
process of Longmaid. It is, however, much more complete 
than the former, and therefore in Hargreaves’s process steam 
i.Si always employed. The addition of small coM frequently 
made (not by Longmaid) duly serves •as fuel, and is not only 
unnecessar}', since no great heat is required, but even injurious, 
by reduckig sulphate to sulphide. 

By being qnly gradually moved from the coolest to the 
hottest part of the* reverberatory furnace, the common salt is 
gradually transformed ihto sulphate, and the mixture becomes 
more capable of withstanding a high temperature without melt- 
ing. This eksy fusibility of the massps just one of the principal 
difficulties of the process, because it necessitates working at a 
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moderate heat, and thereby r r'dering the decomposition very 
slow, and ver}^ incomplete if any fused j^ortions are present 
It is also impossible to avoid a loss of sulphur in th& shape 
of sulphur dioxide in this operation. The advantage of the 
process at the time of its introduction lay in the possibility of 
working up worthless sftiall ore and of dSalhing from the 
residue small quantities of copper and tin, not otherwise 
recoverable. The saltcake certain’y contained too inutl; common 
salt to be employed directly in alkali-works, and had iir.st to 
be heated with sulphuric acid in ordinary decomposing- pans. 
Longmaid conveyed the gas generated in calciniiTg througli 
wooden flues submerged in water, where muriatic acid and 
— ferric chloride condensed, whilst chlorine passed on and was 
used for making blcaching-powdcr ; of course this was only 
very weak, and had to be brought up to the proper .standard by 
chlorine obtained in the usual way, which no doubt was found 
impossible in practice. 

Longmaid's process was carried out for a number of years 
by the inventor himself, at St Helens in Lancashire, at Ardro.ssan, 
and at Wallscnd-on-Tyne. In Scotland^ a .schist containing 
pyrites (.say lo to 30 per cent, of sulphur) was ground up 
with crude rock-salt, moulded into bricks, dried, and calcined 
in a kiln. After three or four weeks the decomposition was 
pretty comj>lcte. Th*e burnt bricks were lixiviated, the liquor 
evaporated to dryness, the residue treated with sulphuric acid 
and heated strongly, in order to decompose ferric and aluminic 
chloride. A similar material was that remaining at Gouhenans 
(Haute-Saone), from the pre^ration of slaty coal for sale. 

The process employed at VVallsend for some time was more 
similar to the original process of Longmaid, and differed from 
it chiefly in* the furnace (sketched in Figs. 52 and 53). TJte 
reverberatory furnace, lA^atcd by ^ fireplace, a, has only two 
beds, b and r, of which b is horizontal, c rising towards the 
back ; above the back part of c rises the kiln d, whrcise grate- 
bars e e are easily movable in the openings i i on the top it is 
closed by the lid / used for charging, g i 5 a flue leaefing from 
the kiln ; h another, leading from the Turnace to the chimney ; 
both are provided wi'.h dampers. The openings i i also .serve for 
admitting ; d regulating, the air, this can also Be done from 
* Wagmds Jahresber,^ i86r, p, 171. 
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the workin^^ doors k k. Thd fresh mixture is first charged 
through, / into the^kiln d\ ttten, when the charge has been 



withdrawn from b and 
that from c has been 
moved forward on to b^ 
the grates e e are drawn 
out and the contents 
o{ d dropped into c. 
Tiie grates then are 
put in again, and d is 
charged anew. Usually * 


the fire-gas travels from 
the interior of the fur-' 


lace through the kiln d, and from this through^’' to the chimney ; 
:)Ut if the heat becomes too great, the dampers arc so placed 
;hat a portion of the fire-gas is conveyed away by //. 


Longmaid’s process 
las not been able to 
:ompcte with the usual 
;)nc, both on account of 
he above - mentioned 
ncompleteness of the 
-lecomposition, which 
lecessitates a treatment 
kvith sulphuric acid, and 
)wing to the necessity of 



Ff- 53 


lixiviating the product of calcination and consuming fuel for 
making anhydrous sulphate. It fitis consequent!}^ been given 
jp for .some time ; but it has given an impulse to two important 
processes, viz., copper-extraction by calcining with salt, and the 
[)ceparation of saltcakc by roasting the pyrites ajiart from the 
salt, and thus doing away w\th the lixiViation. The last-named 


process is described in detail in Chapter V. 

Weldon, on 5th February 1872, patented the manufacture 
jf saltcakc by heating common salt with manganese sulphide^ 
dong wfth air, or with air and steam together — also from NaCl 
along with Mn^O^ and C'uO or Fc^Og in a current of SO^, and 
air, also with steam— or in a current of SO^, or of COb— in short, 
a large number of combinations, none of which seems to have 
found any practical applicatioh. 
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According to a patent taken out by Hutchinson (ist January 
1876), a finely powdered mixture of alkaline chlorides and 
metallic sulphides or brimstone is droppe4 down in a tower 
or revolving cylinder, whilst a red-hot mixture of air and steam 
traverses it ; or tnc chlorides arc to be dropped by themselves 
as a rain, and brought iJito contact with thc<gas from burning 
the metallic sulphides by themselves, oJixed with air and steam. 
This is especially recommended for the gas from nietallurgical 
operations, which is otherwise lost. The first proposal would 
agree with Longmaid’s, the second with Hargreaves’s process, 
with this diffet-ence, that the substances are brought into 
contact with red-hot gas in the shape of a rain of dust. The 
escaping muriatic acid, mixed with chlorine, is to be utilised in 
the usual way. This process seems to offer unsurmountable 
practical difficulties, and will hardly come into operation for 
the manufacture of saltcake. 

For modifications of this idea, reference may be made to 
the propo.sals of Basset (Fr. P. 477353, of 1914), and P. B. 
Heilbronn (Ger. P. 295074, of 1915). 

4. From Common Salt and Magnesium Sulphate . — Scheelc 
as early as 1787 observed that, if solutions of magnesium 
sulphate and .sodium chloride arc mixed and the .solution 
cooled down to at lca.st ~ 3“ C., Glauber’s salt crystalli.scs out 
and magnesium chloride remains in the mother-liquor.^ But 
probably the “ Friedrichsalz,” sent out from the PTiedrichshall 
saltworks since 1767, was made in the sar.io way, of course 
without any understanding of the proccs.s. We sliall mention 
later the application of ifljc same reaction to the mother- 
liquors of the salt-gardens in the south of France, and to the 
residfie from di.ssolving the potash salts at Stassfurt. As 
a real principal product, Ramon de Luna^ propo.sed to make 
sodium sulphate from »hc Epsomtsak found in several partji of 
Spain, especially near Madrid An intimate mixture of 2 parts 
of crystallised or part of .slightly dried Epsopi salt and 
I part of common salt is to be brought to a red heat : hydro- 
chloric acid escapes, and the residue consists of a mixture 
of sodium sulphate and magnesia. 1 / this is treated u'ith Water 
at 90° sodium sulphate, with any undecomposed magnesium 

’ Wagnw, I^gesitn der Sodafabrikatiotty p. 25. 

Wagner^ s Jahresber.yU^^S'i P* 59* 
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sulphate, is dissolved ; the latfcr is converted by milk-of-lime 
into calcium sulphate and magnesia, and thus removed. De 
Luna jn this way prepared 12 tons of Glauber’s salt, but 
he has had no successor. 

Long before him, Lord Dundonald had used the same plan. 
In his patent bf^28th February 179^, he proposes to make 
Glauber’s salt by mixing^ sea-salt or rock-salt with the sulphate 
of alumiqa, iron, or magnesia, (expressly mentioned as “ Epsom 
salts ”), or with gypsum, all in solution or otherwise, adding to 
this .'u suitable quantity of clay, preferably such as contains iron, 
dr}’ing, grirfding, and heating in a reverberatory furnace, crucible, 
or the like, till the muriatic acid is driven off. After this the 
Glauber’s salt is to be extracted by lixiviating and washing, and 
to be obtained by crystallisation or evaporation to dryness. 
Epsom salt and rock-salt react to yield the product 
even without addition of clay containing iron, but not so 
completely. 

Marguerittc in 1855 obtained a patent for the indirect 
preparation of sodium sulphate by calcining salt with lead 
sulphate and regenerating the lead sulphate by treating 
the lead chloride with magnesium sulphate or calcium 
sulphate. 

J he magnesium sulphate proce.ss became of practical import- 
anfc only when an extremely cheap .source*of that salt had been 
discovered in the Sta.ssfurt kicscritc. Kicserite (MgSO^, Fip) 
is obtained at ?Stassfurt from the residue remaining in the 
treatment of the “ Abraumsalz ” for potash salts. This residue 
contains 55 to 60 per cent, of comrff5n salt, 25 to 30 per cent, of 
magnesium sulphate, a little potassium chloride, anhydrite, clay, 
boracite, and water. The working-up of kieseritc for Epsom 
sal^ (MgSO^, 7H.,0) and subsequent preparation of other 
salts from it. was first prcfpo.^d by Clcmm ^ (French patent of 
6th October 1863). Whilst his other proposals have not turned 
out succesiiful, his process for separating the kicserite itself 
is employed up tp^ the present time. The residue from dissolv- 
ing the Abraumsal2f is treated with a current of cold water 
in a tub with a perforifted false bottom ; the kicserite is 
thus washed away in the state of flour, the rock-salt being 
martially dissolved and partiatty remainieg behind in larger 
‘ Wapur^s Jahfisber,^ 1864, p. 256. 
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pieces. The water, with the particles suspended in it, is 
separated from the coarser pariicles by a fine sieve, and then 
subjected to fractional settling ; thus the ki^serite is obtained 
in a comparatively pure state, viz., with 55 to 60 per cent. 
MgSO^, 8 to 10 per cent. CaSO^, 2 to 4 NaCl, the remainder 
being H^. By exposure to the air and t^6aVment with hot 
water, Epsom salt can easily be obtained from it, and from 
this also Glauber’s salt by Balar^’s process. For thi< purpose, 
however, since 1865, the crude residue from the dissolution is 
usually employed, which at the same time contains the qeces- 
sary common salt. At first great difficulties were met with in 
making and working up large quantities of Lquor in the cold 
" of winter. The employment of ice-making machines seemed 
too expensive ; and even the idea of making from the residues, 
directly after dissolving the potassium salts, a liquor adapted 
for obtaining sodium sulphate, and keeping this in water-tight 
brick tanks till winter, was found difficult to realise, as the 
tanks could not be kept tight. After sufficient experience had 
in this way been gained, manufacturers have reverted to making 
the solutions of Glauber’s salt only in winter and during 
sufficiently frosty weather; the residues obtained during other 
seasons from dissolving the potash salts, first weathered in 
heaps, together with those made in winter, are quickly dissolved 
by steam in vessels provided with agitating machinery, allowed 
to settle, and exposed to the frost in large wooden coolers. At 
one works the residues are simply dis.solved -by tepid water 
run over them in tubs provided with a perforated false bottom. 
This process can only be Wnployed for completely weathered 
residues, and does not yield as much as the former. Such 
residu*es, weathered for some years, contain all the kieserite 
already conterted into Ep.som .salts. An analysis showed : — 


MgSO, ’ 

• • 

.• . . 14-49 

Na^jSO^ 

. 13-96 

CaSO< 

2-26 

NaCl 

. 27-09 

KCl . 

. , I'iSo 

Insoluble . 

. 1048 

Water 

30-12 


The fresh residues* myst be fr^ed from adheririg magnesium 
chloride and carnallite by washhfg with water, because these 
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jrreatly interfere with the crystallisation of Glauber’s salt, which, 
however, is much ajsisted by Vin excess of common salt (see 
above)^; the residyes are therefore picked in such a way that 
they contain 4 mols. of NaCl to i of MgS04. 

The crude Glauber’s salt obtained in this way has the 
following averagN composition : — ^ 


NajSO, ^ 

40-22 

NaCl 


MgSO^ . 

0-47 

MgCl, • 

0-92 

CaS04 

M 2 

Insoluble . 

1-40 

Water 

. 54-64 


It is useless for most purposes, on account of its impurities, 
and is therefore either dissolved and recrystallised {refined 
Ghuber's salt) or converted into calcined sulphate. In both 
forms the glassworks prefer it to the sulphate made by decom- 
posing common salt with sulphuric acid, as it is quite free 
from acid and almost completely free from iron. The average 
composition of the calcined sulphate is : — 


Na^SO^ 
CaSO^ 
NaCl . 
Insoluble 
Fe., 0 , 


1st, qimlity. 2ui1 (juality. 

97 94 

1-1 II 

1-6 2*5 

0 - 3 *' 2*2 

0*04 0-07 


Following this process, the works of the Leopoldshall United 
Company in the winter 1872-73 made about 3750 tons, in 
1873-74 about 7500 tons, in 1871^.-75 12,500 tons, of crude 
Glauber’s salt. 

The coolers have a surface of 12,000 square metres, and in 
frosty nights furnish up to 150 tons of crude crystahi in twenty- 
foyr hours. If all the Lo(3pf»ldshall and Stassfurt works would 
work up their residue in a similar manner, 35,000 tons of crystals, 
or 1 1,500 ^o 12,000 tons of calcined sulphate, could be obtained ; 
but as this takes much space and capital, and the co.st price of 
the sulphate is "hardly less than that made in the usual way, 
many factories prefer onVy washing for crude kieserite. (This 
description is by Dr Frank, in Hofmann’s Ber., 1875, p. 363.) 

The crystallised Glauber’s salt can be obtained either in 
large crystals similar to soda, rf>r in small ones similar to Epsom 



171 


BY MEANS OF KIESERITE 

s 

salt. This similarity in the apnearance of the crystals led to 
the extensive use of soda and Glauber’s sal^, for the adulteration 
of Epsom salt at one time. 

In 1887 about 10,000 tons of crystallised Glauber’s salt was 
actually made in ? 5 tassfurt, whilst the quantity obtainable from 
the liquors would be fronJ 50,000 to 70,000 tolft per annum. 

During recent years the production of Glauber’s salt at 
Stassfurt has remained statjonary^or has even gone back t(> .some 
extent, as it does not pay very well. Some factories recently 
erected have not taken up this branch at all, and others c^nploy 
the kic.scrite residues for the manufacture of potassiiwri sulphate. 

The above descriptions may be .supplemented by another, 
taken from E. Pfeiffer’s Handlmch der Kali-Indu^tric, concern- 
ing the style of work pursued at Stassfurt. The raw material is 
the residue from dis.solving carnallite in the manufacture of 
chloride of potassium. It contains from 45 to 55 per cent. NaCl, 
25 to 30 per cent. MgS04, etc. ; and with it arc worked up .some 
natural mixtures of a similar composition, occurring in certain 
strata at Stassfurt. When kicseritc is cheap, a mixture of this 
with rock-salt is used as well. The equation rc(]uircs 97-43 
parts orWaCl to 100 parts of MgCl.2 ; in practice twice as much 
NaCl is employed. The work is greatly facilitated by exposing 
the residue to the action of the air, at lea.st for a week. The 
work of dissolving it? is the principal item of cost. The best 
yield is obtained in the following way : — The residue is broken 
up with pickaxes, or, in case of necessity, bkistcd, and thus 
reduced to pieces of the size of a fist, or, at most, of a man’s 
head; it is then put in wt^oden tub.s, holding from 150 to 280 
cub. ft., and provided with a fiiLse bottom, with holes | in. wide, 
covered up with old jute bags. It is there covered with water 
of 45^^ or 5 cf C., which ought to form a .solution of sp. gr. i- 2 j to 
1-29 at 38'’ C., at which tem^eratiA'e -it is run into the coolers. 
One cub ft. of residue can yield 5 cub. ft. of liquor. This older 
process is very good, but it involves the breaking up of the 
residue and moving it twice, which is carried out by the following 
process, practised in the majority of recent Avoflrs : — TIic re.sidue 
from dissolving the crude carnallite i.s»run quite frc.sh and warm 
into dis.sft)lver.s, placed on a lower level, and is there treated with 
water and a little steam, with (instant mechanical .stirring for 
a quarter or half an hour. Thus produces a liquor, of sp. gr. 
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I 32 to I '345 in the muddy state, which is brought to the proper 
composition, if needful, by adding some magnesium sulphate or 



common salt. The clarified solution shows on an average a 
sp. gr.= 1-28, and contains from 8 to 12 per cent. MgS04, 16 to 
23 NaCl, I to 2 KCl, 2 to 3 MgCl,, 65 to 66-5 H., 0 ; per cubic 

foot = 6*37 to 9 58 lb. of MgS04, 
correspoiAling to from 17 to 

///a crystallisation of Glau- 

‘/y./M bers salt from these liquors 
talfts place during frosty 
nights in shallow wooden 
/ ^ / / '[/ coolers, as represented in Fig. 

, / '/ 54. on a scale of Fig. 55 
. * * sjj^ows e. corner on a scale of 

jV These boxes are carried 
on posts and girders, and are 
(* composed of ij-in. planks, e, 

• i|* • with joints caulked with hemp 

• and tar-pitch ; the sides, /, are 
strengthened by sta>», d, and 
leave an avatlablc depth of* 8} in. ^ Corresponding to the 
usual length of the planks, «each box is divided into eight 
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compartments, leaving a number of holes, free for casting 
out the salt, lying on the eleven woodcin drainers, jc. The 
fresh liquor is supplied by spout a. The- space bclgw the 
cooling-boxes is employed for warehousing purposes. Such 
a cooler, with pillars, . etc., co.sts £ 2 jo. One works at 
Leopoldshall possesses five coolers with a fuiYace of 58,350 
.sq. ft, which have ^sometimes yielded a crop of 150 tons 
in a single cold night. .Early the morning thi^ mother- 
liquor (of .sp. gr. 1-20 to 1-225) is run off before it has had 
time to get to a higher temperature. At some works they 
use iron coolers. 

The crude Glauber’s salt contains from 3 to 9 per cent, of 
mother-liquor, with 27 per cent, of foreign salts (KCl, NaC.l, 
MgCL, MgSOJ. The purification of the salt will be de.scribcd 
in Chapter VI. 

Proposals for modifying the Ordinary Clemm’s 

propo.sal of 1863, mentioned above, was the following: — To 
I molecule of NaCd 2 equivalents (=l molecule) of kieserite is 
employed, because if an equivalent quantity is used only half 
of the NaCl is decornpo.sed and a double salt of Na2S04 and 
MgSO^ is formed. If the double equivalent of kie.scritc is 
taken and the mixture boiled sufficiently long with water, all 
the NaCl can be decomposed. The solution is evaporated to 
dryness and the re.s*iduc treated with steam at a red he^t : 
HCl escapes, and the double salt remains behind, mixed with 
magnesia. These are separated by lixiviation ; and on 
evaporating the solution the .sodium sulphate separates in 
art anhydrous state. The*se reactions, however, do not go 
smoojhly in practice, and the saltcake thus obtained is 
too dear.^ 

Townsend (R. P. 1703, of 1879) mixes 50 lb. of n^g- 
nesium sulphate with *48^' lb. cotnnion salt, dries and boats 
in a retort, blowing in steam ; HCl e.scapes, while NagSO^ 
and MgO remain behind. A ^ater patent of# the same 
inventor (Ger. P. 29307) de.scribes modifeations of his 
plan. Sprenger’s patent (B. P. 728, of*i8ji) conTcs to the 
same thing. Precht *^ declares all thfcse proposals to be quite 
unworkable. 

• • 

• Michels* W^gner*s Jahresber.^ 1865, p. 288. 

* Fischer’s Jakresber.^ ifei, p. 219. 
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5, From Common Salt and Calcium Sulphate. — Lord 
Dundoiiald’s propose! for this has been already mentioned. 
The next proposal of the same kind is stated, in Wagner’s 
Regesten^ p. 29, to have been made by Hodson ; but no such 
patent appears in the English list, an|! there may possibly be a 
confusion with* \^ils()n, who on 22nd November 1838 took out 
a patent, in which it i*^ prescribed to byil together common 
salt, gyfii'Um, and magnesium carbonate by steam in certain 
proportions. Calcium carbonate is formed , and from the 
solution, on concentration, anhydrous .sodium sulphate is 
.separated ;* magnesium chloride remains in .solution. The 
magnesia is precipitated by lime, and reconverted into carbonate 
b}’ a current of carbonic acid. Tilghman (patent of 1st February 
1847), among many other thing.s, also proposed to bring equal 
parts of common salt and gypsum to a red heat in fireclay 
cylinders lined with magnesite, and to conduct superheated 
steam over the mixture; the escaping muriatic-acid gas is 
condensed, and the residue worked up by lixiviation. This 
process has never been carried out on a large scale ; and it 
could not succeed, as Knapp found ’ that the commencement 
of decomposition could be observed in a glass tube, but not in 
a gun-barrel — according to which, silica seems to play a part 
in Tilghman’s proccs.s, 

^ That on melting together common ^alt and gypsum no 
decomposition takes place, has been .shown b)' rrommsdorff,^ 
Karsten,*’ and *11. L BufO (jreenshields (B. P., December 
1852) states that by adding powdered coal or coke, igniting 
and lixiviating, not pure sulphatd^ but a product containing 
much sodium sulphide, is obtained, which was to be worked 
up with small coal and calcium carbonate in an ordinary tlack- 
aslj furnace. * 

• Nickles*’ ignites a itiijAure pf aifhydrite, rock-salt, and 
manganese dioxide. The manganese dioxide interacts with 
the sodium chloride with liberation of chlorine, \Ctiilst sodium 
sulphate and lime remain behind. In this process, however, 

at most fs per cent* of .sodium sulphate can be obtained; also, 

• 

‘ Liebigs Jakresber.., >847-48, p. 1054. 

- Gmelin- Kraut’s Hamibueh tier (^hemicy 5ih ed., ii., p. 185. * 

■* Wagner's Regesteny p. 29. ^ Di^gL^olyU J.y clxxii., p. 282. 

^ Rupert de CkitfUy appl. 1862, p.*1!»64. 
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the volatility of sodium chloride at a red heat is inconvenient for 
this and any similar processes. • , 

Anthon^ obtained an Austrian patent for the foUovving 
process. It is ba^ed o»i the fact that magnesium carbonate 
IS completely decompos(jd by calcium sulphate, magnesium 
sulphate, and calcium carbonate being for^ied, and on the 
other fact that comjnon salt and magnesium sulphate yield 
sodium sulphate and magnesiu»i chloride. Equivau;nt pro- 
portions of common salt, calciiun sulphate, and burnt magnesia 
are mixed with a weight of water from 6 to 8 times that of 
the common salt ; and, with con.stant agitation, carbdnic acid is 
passed through up to saturation ; the solution is separated from 
the calcium carbonate formed, and evaporated, whereupon 
Glauber’s salt crystallises out, and magnesium chloride remains 
in the mother-liquor. Or magnesium carbonate is employed 
from the first, and the mixture stirred for three or four hours. 
The magnesia is to be obtained by burning magnesite or 
dolomite, by precipitating magnesium chloride with lime, or by 
sufficient heating of magnesium chloride. 

Another indirect method of preparing sulphate from gypsum 
was patented in Havaria by Handiner in 1832-; it has been 
propo.sed again by Fleck ^ and Reinsch,^ and consists in con- 
verting finely powdered gypsum by means of ammonium 
carbonate into ammonium sulphate, and preparing from the 
latter, by sublimation with common salt, sodium sulphate, and 
sal-ammoniac. 

Vogt and Figge (Ger. P. 34028) mix alkaline chlorides and 
calcium sulphate with magnesia, and heat the.se in a cupola 
from without by gaseous fuel, whilst superheated steam is 
passed through the ma.ss ; HCl escapc.s, and a mixture of 
NagSO^, CaO, and MgO remains behind. [This process canaot 
possibly work in an economical mafintA.] 

From g)fsum and alkaline sulphites the Chemi.schc Fabrik 
Grimau (Ger. P. 48269) proposes to manufactu#e .sodium 
sulphate by first neutralising the sulphite liquo/ with lime and 
then mixing with gypsum ; CaSOg is precipitated and Vs utilised 
as well. Such liquors are formed whefl alkaline sulphonates are 

’ Dingt. polyt. clxxi., p. 138. IVagner^s Jahresl^r.^ 1858, p. 102, 

^ Fabrik. chem. Prod, husihier. Abfallen^ p. 131. 

^ WagnePs Jahresber.^ 1870, p. 167.** 
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melted with caustic soda for manufacturing phenols; also as 
waste l^juors from tjic manufacture of wood-pulp, etc. 

6. J'rojn Common Salt and Ammonium Sulphate. — This 
process, in which sal-ammoniac is the principal object and 
sodium .sulphate only a by-product, ha^s been already mentioned. 
The process ha^ been employed since 1795 at Grenellc in 
PVance, later on In' IVjiickncr, I’ersoz, Poole, and others, and 
is still in common use. One^cquivajent of" ammonium sulphate 
and two of common salt are di.ssolvcd in warm water and 
evaporated, .so that anhydrous .sodium sulphate is separated. 
When the* li(|uid is concentrated up to the point that a drop • 
solidifies on cooling, it is run off ; on cooling, sal-ammoniac 
crystallises out. The propo.sal of Ikandiner, mentioned in No. 5, •— 
belongs to this class as well. 

7. From Common Salt and Aluminium Sulphate or Alum . — 
This process has been alrearly mentioned, where sodium sulphate 
is a h>y-})r(^(luct ; as principal product it was made about 1750 
by Constantin at Welle, near Osnabruck, from alum,’ and by 
Lord Dundonald in 1795 from aluminium sulphate (see p. 168). 
The same decomposition has been again carried out (according 
to Wagner’s ICxesten) b\' Grcn, S. Hahnemann, Fuchs, Piepen- 
brinck, and l uhten ; Pclouzc and Kuhlmann’s patent of 1850 
and C'unningham's patent of 1850 also belong to this class. In 
t^^is procc.ss the object is either the preparation of alumina, 

A 1 ,{S()*V f oNaCl f 3ll.,0 -- ^Na.SO, + ALO., + 6 HC 1 , 
or of aluminium chloride, 

A 1 ,(S 0 ,), 4- 6NaCI 3 Na.,SO, + Al.Cl,, 

Since most alum is nowadays not made from alufninous 
schist, but from sulphuric acid and clay, such a picparation of 
sodium sulphate can no •longer talgc place as a principal 
product, but only as a by-product in making aluminium chloride 
for dyers, /^tc. 

8 . From Common Salt and Ferrous Sulphate or Other Iron 
Salts. — That sodium sulphate can be obtained from ferrous 
sulphate and common salt, either by igniting them together or 
by mixing the solutions of both salts and exposing to the 
cold of wintev, has long beeir known. Xhe former process was 

‘ WagncH^ Regesten^ p. 33. 
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described in 1 789 by S. Hahnemann, the latter by H. van der 
Ballen, Lieblein, Tuhten, and Wiegleb^; I^ord Dundoi;ald, in 
1795, likewise mentions it. As early as 1793, Athenas hjd an 
alkali-works in P^ris founded upon it Wilson, on 22nd 
November 1838, patented| the addition of common .salt to a 
boiling solution of ferrous sulphate, whereffpefn anhydrous 
sodium sulphate is precipitated and washed with a hot .saturated 
solution of common salt, in prder ^o remove the mothe r-liquor 
of ferrous chloride. He further converted the latter into ferrous 
hydrate, and by means of this prepared sodium hydrate. • 

• According to Berzelius,“ at Fahlun sodium sulphate was 
obtained from the pit-water and from the mother -liquor obtained 
’ in making copperas, by mixing them with the proper quantity 
of common salt, evaporating to dryness, and igniting. The 
pit-water contains several sulphates, especially those of iron, 
which on igniting decompose the sodium chloride to form 
sulphate, whilst metallic chlorides are formed and partially 
volatilised ; partially they give up chlorine and take up oxygen 
from the air. The calcined .salts are dissolved in boiling water, 
and a crop of .sodium sulphate crystals is obtained on cooling. 
Abich introduced the same process at Schoningen, and employed 
the ferrous chloride remaining in solution for making Pru.ssian 
bluc.^ But in 1819 the same thing exactly was described 
in a patent of FullcKs. In spite of all this the proce.ss was 
described as new in 1852 by E. Thomas, Delesse, and 
Boucard. ^ • 

Macfarlane-^ ignites dried copperas and common salt in a 
current of air. At first ferric chloride is formed ; and this yields 
ferric oxide and chlorine ; so that the residue contains .sodium 
sulphatb and ferric oxide. An addition of ferric oxide assists 
the reaction making the mass more porous and less fusiblg. 
Eight hundred and twenty-eight flirts of copperas are dried 
in a gentle heat and partly oxidised, intimately mixed with 
352 parts of sea-salt and 78 parts of ferric oxide, brought to 
a low red heat in a muffle-furnace, and a current of air dried 
by caustic lime is conducted over the mixture.* Tlic temperature 
should not be so high that ferric chtoride can sublime : the 

* Wagner’s Hegesten^ p. 30. ^ LeJtrbuch der Ckemie^ 4th^ed., iv., p. 153. 

* Mitscherlich, Lehrbuch dtr Q^emUy 1847, ih, p. 58. 

* Wagner, loc. cit. * Sitliimrfs Jourfml [2], xxxvi., p. 269. 
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mass must be stirred from time to time. In this case only 
chlorin,e escapes, njixed with nitrogen : 

• 2FeS04 + 4 NaCl + 30 = 2Na2S04 + Fe^Og + 2CI2. 

In the muffle there remains a mj,xture of ferric oxide and 
sodium sulphnt^, which is, without lixiviation, converted into 
caustic soda and iron \sulphidc by a process to be described in 
the Third Volume. Even ^this process, where lixiviation is 
avoided, does not pay. 

JVtsoz and Kuhlman^ in 1850 obtained a patent for decom- 
posing cemmon salt by alum-mud, basic ferric sulphate, or^ 
calcined alum-.schist — that is to say, .essentially the same 
materials as the last, only already partially oxidised. They - 
also introduced steam during the heating, so that the reaction 
• will be 

Fe,,(S 04)3 + 6NaCI + 3lU) - 3 Na.S 04 + FePg + 6 HC 1 . 

7 'hc residue is to be separated by lixiviation. 

It is evident that the proce.ss employing ferrous or ferric 
sulphate in the dry way is a transition to calcining p}Titcs with 
common salt (usually called Longmaid’s process, p. 163); 
the latter is however preferable, because the ferrous sulphate is 
not separated, but employed at once in the nascent state. 

9. Common Salt and Cupric Su Ip ha U (KWhoWs 1838; Hunt 
5 1 . St January 1840). 

10. Common Salt and Zinc Sulphate 1840; Boulton, 

B. r., 23rd February 1852; Kessler-).— In both cases the 
process is essentially the .same as that of Wilson, described 
above for ferrous sulphate; only the mother-liquors of cupric 
or zinc chloride are precipitated b\' lime, and the oxides^ worked 
up in various ways. Here the manufacture of sodium sulphate 
as principal product is out ^jf the question. To this class belong 
the manufacture of sodium sulphate from the mother-liquors 
of the wet copper-extriiction. 

11. From Common Salt and Manganese Sulphate.— 

(B. P., •26th February 1856) describes this process, which is 
quite analogous to the Conner ones, as part of a very unpractical 
and complicated new proce.ss for manufacturing alkali. 

1 2. jhrom Common Salt and Lead Sulphate . — Margueritte in 

* Dingl. polyt J., cxxxiv., p. 3<^. 2 li agner^s Jakresber., 1859, p. 244. 
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1855 patented the following process :~EquivalenL proportions 
of lead sulphate (obtained by calcining gdena) and common 
salt are mixed, and the mixture is heated for a long ti^ne in 
retorts or open remasters up to a bright red heat. Sodium 
sulphate and lead chloridd^are formed; the latter is volatilised, 
and condensed in a suitable apparatus. The re?;idue contains 
undccomposcd lead .s|ilphate and sodiwm sulphate, which arc 
.separated by dis.solving and cvaii^)rating ; the lead chi-^ride is 
again converted into sulphate by means of gypsum or Epsom 
salt, and it is therefore the latter that furnishes the .sulphuric 
•acid, not the lead sulphate, which only serves as carficr. The 
reactions arc : — • 

I. 2NaCl + PbSO, Na^SO, + Pl)CI.,; 

II. PbCh + MgSO, - PbSO. + MgCX 
(or CaSO,) (or CaCI.) 

Tliis process was dc.scribed in detaiP ; it has never bee 
carried out on an industrial .scale, in. which a complete coi 
densation of lead chloride and the avoidance of other los.ses 
of lead could certainly not be expected. 

13. From Manganese Ilyposulphatc {^Dithionatc),— 'X\\\'^ salt 
is obtained by digesting manganese peroxide with an aqueous 
solution of .SO.^. Condy (B. 1 \ 5383, of 1885) prescribes treat- 
ing manganous dithiofiate with aqueous .solutions of nitrates, 
chlorides, or acetates, whereby nearly all the alkali is converted 
into hyposulphate, which is not very soluble in tne solution of 
manganous salt.s. The dithionate is converted into \ery pure 
sulphate by igniting. This is evidently intended to be used in 
connection with the manufacture of permanganate. 

14. From Sodium Silicate. — Ba.s.set (Er. P. 386682, of 1908) 
proposes two*method.s of manufacturing sodium sulphate from 
sodium silicate : (i) By fu.sing a mixturb of sodium silicate an^ 
calcium sulphate and lixiviating the product ; or (2) by mixing 
calcium sulphate with a .solution of sodium silicate* and dis- 
solving out the sodium sulphate formed, jjodium silicate 
must be obtainable more cheaply than at prff.sen^ before either 
method is like to be used commercially.* 

' Fingl. Polyi. p. 208. 
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B. Snip half of Soda obtained as a By-product. 

Ii; most natural waters we find small quantities of sodium 
sulphate, or, to speak more correctly, of sulphates and sodium 
salts at the same time. Preparation ()f Glauber’s salt from this 
source on aif indu.strial scale is only exceptionally possible, 
chiefly when the liqurd has been prcvi^u.sly concentrated for 
other p^irposes, and Glauber’s salt Gin be got from the mother- 
liquor.s. d'his is especially the case in the manufacture of 
conMnon salt from sea-water or from brine ; Glauber’s salt can 
be made* both from the mother-liquors and the pan-scale* 
obtained in this manufacture. 

Sodium sulphate, usually in a very impure .state, is manu- * 
factured as a by-product in sundry chemical manufactures. 

I. /;/ manufacturing hydrochloric acid from common salt and 
sulphuric acid, in cast-iron cylinders and in glass retorts (Chapter 
III., supra, pp. 73 ct seqi). Here hydrochloric acid is the prin- 
cipal product ; and in manufacturing it less than the theoretical 
quantity of sulphuric acid is employed, both because common 
salt is much cheaper than sulphuric acid and may rather be in 
excess, and because contamination of the distilling hydrochloric 
acid by sulphuric acid is thus avoided. This manufacture is 
still carried on in .several places on the Continent and in 
^hc suburbs of London, but on a smalf scale nowadays. The 
product is called cylinder-cake or saltcakc, the latter in the 
north-east of V^ngland, whilst this expre.ssion in the west always 
meant ordinary calcined sulphate : it contains from 7 to 
10 per cent, of NaCl in excess; and its use is restricted 
to glass-making and to a few alkali-works, where it is 
mixed with a little more sulphuric acid in the ordinary 
iwltcakc-furnaccs and made into finished sulfJhate. It is, 
however, very difficult To .sell. , This process is discussed in 
detail in Chapter III. 

II. Manufacture of Saltcakc and Hydrochloric Acid from 
Nitrc-cakc. — In^ the manufacture of nitric acid, the proportion 
of sulphuric acid to sodium nitrate is usually such as to yield 
a product which approximates more closely to acid sodium 
sulphate than to the neutral sulphate. Calculated from the 
acidity, the product '* nitre-Ccfke ” usu^illy contains about 30 per 
cent of “free acid,” but varies between wide limits (7 to 35 per 
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cent.) in various works. Large quantities of nitre-cake were used 
up in the Leblanc-soda works, by mixing ii with a quajitity of 
salt corresponding to the amount of “free acid,” and adding this 
mixture to that noynall> charged to the saltcake pans. This is 
by far the most rational process when a Leblanc-soda factory is 
near by, but nitre-cake is often produced in pljfceS remote from 
soda works. Where Uierc is a market for neutral sulphate, 
for glass-making, or where l;iydroc];iloric acid is requir. nitre- 
cake can often be uiilised by one of the processes given below. 
Nitre-cake is not readily saleable, and the saltcake manufacturers 
• do not pay much for it so that if there is any loc^fl demand 
for hydrochloric acid^ saltcake, or Glauber’s salt, it may be 
well worth while to manufacture from the almost valueless 
nitre -cake even on a comparatively small scale. A special 
advantage of certain furnaces, such as that of .Six and Guttmann, 
is that a very concentrated hydrochloric acid is readily 
obtained. 

Where it is possible to sell crystallised Glauber’s .salt, this is 
sometimes made by dissolving nitre-cake in leaden vessels by 
the help of steam, preferably with addition of some fre.sh .saltcake, 
settling the liquor and running it into shallow lead-lined coolers, 
with strips of lead hanging down from the top. The “ free acid ” 
remains in the mother-liquor, which is rarely worth anything 
principally owing to itrs great percentage of iron. ^ 

Herberts (Ger. P. 28769) uses nitre-cake for making 
Glauber’s salt and carbonic acid. He dissolves ft, runs it into 
a lead-lined horizontal cylinder, provided with agitating gear, 
and adds ground carbonate of lime. The COg is employed at 
will ; the residue in the cylinder is separated by filtration into 
solid gypsum and a solution of sodium sulphate, which is 
concentrated* by evaporation. , 

Rommenholler and Luhmapn ((?er,«P. 63189) mix nitre-calfT* 
with coke-dust, ignite it in a muffle- furnace, and employ the 
neutral sulphate formed in this way as such, or convert it into 
sulphide and decompose this by COjj. The Lothian Chemical 
Company in 1916 carried out some experin^enfs on tfle use of 
nitre-cake in somewhat similar manner. They found that 
nitre-cak^when warmed with about 5 per cent, of combustible 
material, such as coal-flust or pitch, decompo.sed 3 t a veiy low 
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the sulphur dioxide corresponding to the “free acid.” This 
was nc\cr applied on the technical .scale but might prove useful, 
particularly where it could be arranged to utilise the large 
quantity of sulphur dioxide evolved. < 

Ikrbicr (B. P. 10450, of 1892)^ recovers Glauber’s salt 
from a solution %f nitre-cakc by cooling. A solution of 1*4 or 
1*5 sp. gr. on cooling down to 10“ yields ^a crop of crystals of 
Na^SO^^ loII.jO, whilst sulpljuric af:id of sp. gr. 1-34 to 1*45 
remains in solution, of course together with, some unchanged 
bi.sul()hatc, which he propo.ses to recover by adding 35 or 40 per 
cent, sulphuric acid of sp gr. i-8o, or better, by evaporating to * 
.sp, gr. 1-53. His apparatus consists of 'a castdron or leaden 
cooler with partition walls, each compartment of which can be 
cooled at will. For treating 5 tons of nitre-cake per day he 
requires four compartments of 7 cbm. each, or eight of half the 
size. 

Bouchard-Praceig (hV, P. 221245) proposes employing nitre- 
cake for decomposing .solutions of bleaching-powder, and makes 
a calculation, according to which the calcium sulphate (“pearl- 
hardening ”) formed pays all expen.ses, so that the chlorine is 
got for nothing ! 

Bollo (B. P. C.S98, of 1904) describes preci.sely the same 
procc.ss, merely adding the employment of mechanical .stirring- 
apparatu.s. • 

Chatfield (B. P. 19530, of 1893) dis.solvcs nitre-cake in 
water, neutralises with ammonia vapour from gas-liquor, etc, and 
filters. If the nitre-cake had been real NaHS04 [which is very 
far from being the actual fact], the solution will contain 48 per 
cent, ammonium sulphate. Many modifications of this idea 
were tried and .some put into u.sc on a large scale during the 
W|ir when nitre-cake was plentiful and sulphuric Vid difficult 
iO obtain. This and other dscs f^r nitre cake arc dealt with in 
the volume on Nitric Acid and Nitrates. 

Hart (U.S. P. 698704) and the General Chemical Company 
(B. P. 9875, of H/32) introduce a mixture of common .salt and 
sodium bisulphate (or sulphuric acid) by means of steam in a 
continuous manner into h. revolving cylinder, heated ju.st below 
a red heat. The MCI e.scapes continuou.sly, and th« sulphate 
formed, as the inventor asserts, contains* neither free sulphuric 
acid nor sodium chloride. 
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Hipp (U.S. P. 726533, of 1903) dissolves the nitre-cake, 
precipitates arsenic, selenium, lead, etc., means of alkaline 
sulphides, evaporates the clarified solution down to sp. ^r. 1-85. 
mixes with common saK, and ignites the mixture. 

Parker (B. P. 2463^, of 1903) di.ssolves the nitre-cake, 
neutralises the solution with iron, and treats^thc solution with 
sodium carbonate or^hydrate. 

Hartmann and Benkcr. (B. P, 1844, of 190;) mix with the 
ground nitre-cake a large quantity of finely ground ordinary 
saltcakc, fine sand, etc., so that the mass on heating doqs not 
fiux. When heated to a red heat, free sulphuric acid distils off 
and ordinary sulphate of soda remains behind. 

With the similar claim that formation of a pasty mass at 
any stage of the process is prevented, J. H. Neild (U.S. P. 

1 102539, of 1914) proposes the addition of a substantially inert 
material such as an equal weight of saltcake. 

Nibelius (U.S. P. 873070) treats a solution of nitre-cake 
with a volatile .solvent which dissolves the acid, but in which 
the sodium sulphate is in.soluble.” The solution containing the 
free sulphuric acid is separated from the undissolved normal 
sodium sulphate, and is subjected to distillation at reduced 
prc.ssurc, in order to recover the solvent in the distillate and the 
sulphuric acid in the residue. Such .solvents are alcohol, wood- 
spirit, fusel oil, etc. • 

Garroway (B. P. 11986, of 1905) mixes a solution of nitre- 
cake with sodium sulphite, prepared from sodiu’ft carbonate and 
SOg, with the assistance of steam. The SOg hereby liberated 
is absorbed by water. 

The Chemische Fabrik Grunau (B. P. 6898, of 1904) prepares 
normal .sulphate and sulphur dioxide from nitre-cake by heating 
this in a ca^t-iron retort, provided with a stirring arrangement, 
together with 1 2 per cent. i^wdut*t, find 2 per cent. coke-ciw 4 
{cf. the previous patent of Rommenholler and Lohmann). 

E. Tcisler (Ger. P. 300723 of 1916) patents the^addition of 
solid substances resistant to hydrochloric acid, such as carbon, 
in order to prevent segregation of the mixture** due tefthe fusing 
of the nitre-cake. 

v#ry interesting process has been worked out by Th. 
Meyer, who.se patents h^ve been* partially taken 6ut by the firm 
of K. Ochler, by whom they ha^ been carried out in practice 
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(B. P. 2856, of 1902 ; U.S. P. 702877 ; Ger. P. 186398). Meyer : 
has given a special report on it. An intimate mixLe of nitre- 

t yely low) temperature ni ordinary muffle-furnaces, no mechanical 
trrrers be.ng rec^uired if the nitrc-calf.e does not contain more 
than 3 per ccrtt. of moisture If, therefore, it cannot be used 



Fig. 5(?; 


while still hot, it should be cor, led down in closed boxes ground 
m a disintegrator and mixed in slowly revolving cylinders with 

n.the free (bisulphate) stage. Each furnace receives .0 cwt of 
this mixture, and three charges can be turned out in twnnty-four 
hours, yielding each 6 cwt. of' sulphate, and 5 cwt. of muriatic 
* C/tew. Z«/./i9o 6, pp. 1295 
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acid of very high strength. The mass is not fluxed, but merely 
sintered ; a little dry sulphate, previously sp/cad over the furnace 
bottom, prevents it from acting upon the brickwork. .If the 
muriatic acid is toV)e cniirely free from nitrous acid and chlorine, 
this is brought about b>^ adding from 2 to 5 j:>er cent, charcoal 
to the mixture ; this generates some SOo, which* destroys tho.se 
impurities, and at that low temperature no sodium sulphide is 



formed. The temperature al the top of the ma.ss should 1 ?loT 
exceed 450’ to 500^ as controlled by a pyrometer. Another 
patent of Oehler’s (Ger. P, 165099) describe.? .somt improve- 
ments in the way of preventing escapes of into^ the outer 
air. These processes were in work at Oehl6r’.i factory, but were 
stopped afler some time. 

•MeolilLiiioal Furuaoe. — A process of the Verein Chemischer 
Fabriken at Mannheim -has been working for some years past, 
and has been found, very efficffcnt. A mechanical^ saltcake- 
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furnace (Ger. P. 137906; B. P. 16207, of 1902) is used. This 
might serve also for ‘the manufacture of saltcake from common 
salt and sulphuric acid, but is actually only at work for working- 
up nitre-cake. The furnace is shown in Figs. 56 to 58. The 
muffle and stirring apparatus are conndeted in such manner that 
no .shifting of*the machinery can take place. The brickwork 



ser\^es merely for the fire-flues and for preventing losses of heat. 
A is the muffle with the pan a, the bearing the cylindrical 
mantle r, and tl^c cover d It rests on the cast-iron frame D. 
r € are cleaning-hol^s, / is a scraper for the cover d ; g the 
charging pipe, and g the ^as-exit pipe. B serv'es for connecting 
A with D ; A a stuffing-box for the revolving shaft of .the 
stirring-machinery C, with the shaft if the nave the arms /, 
and the scrapers w. The mixture is poured into funnel «, and 
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by means of the worm o it is charged through g into the muffle. 
The finished product runs continuously through the, outlet 
with an automatic closing-arrangement, g, into truck^, Tnc 
gases are drawn Away through The fire-gases pass first over 
the cover and round thd mantle, then through the openings r 
underneath the pan, and through s into th*e thimney. This 
furnace works at a (comparatively low iemperature, requires but 





Fig. 59. 


To Cb»rr>n«tj 


The path of the furnace gases Is Indicated by numbering the conip>artm6uts of the 
muffle and thoec under the \|eanb consecutively. ^ ^ 

little fuel, and yields very .strong hydrochloric acid. One such 
furnace requires 7 h.-p. and turns out in twent^^four hours 
7 tons of saltcake, with 0 5 per cent. NaCl and i to 1-5 per 
cent, free acid ; it requires 2 cwt. coal for a ton eff saltcake. 
The pan and cover last about two ^ears, and turn out from 
40 (X) to *5000 tons saltcake; the scrapers mu.st, of course, be 
renewed more frequcptly, but tht* other parts of The machinery 
last much longer. 
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Another Mechanical Furnace. — A furnace operating on the 
same principle but of differcni design is that of Six and 
Guttma^in (B. P. 4226, of 1915). The furnace is of the closed 
or muffle type and is continuous in operation. xThe bed consists 
of cast-iron plates on which the mixtuiT is continuously rabbled 



Fig. 60. 5 -Ton Mechanical Saltcake Furnace, Type B. (B. P. 4226, of 1915.) 
Approximate Scale J in. - i ft. 

A. MerhxJiical Itebbllng ArranReraeul. |) Special CliarKiiii' Door* for Skit and 


IJ, Babblfs of lilgh gpoed Tool St««l. Two 
•lats each of two rows of vSerapers ^ 
Tm^t Iron Plates forming lloartli. * 


Nltr«-cake Mixtum. 

K Srntw Conveyor for redtjvmg Saltcake. 
F Hydrochloric Acid Gas Outlet. 

^1 Mechanism- U to 8 U.P. required. 


by rakes attached to two stout iron rods which arc moved 
mechanicall)" to and fro. The general design of the furnace 
will be seen froih FJgs. 59 and 60. The furnace can be used 
for saltcake manufacture i,n the ordinary^ manner, or for working 
up nitre-cake with salt without addition of sulphuric agd. The 
ground mixture of nitre-cakc *ind salt may be charged either 
continuously or intermittently 
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The following figures, based on 1917 costs, are supplied by 
the patentees for two furnaces of their. A type, capable of 
producing 6 to lO tons per twenty-four hours:—- ^ 

Materials — ^ 

Crushing i ton nitrc-cakc . 

Salt 7i cwt. at £1 per ton . 

Coal, maximum of 3 to 4 cwts. at £2 

Total cost of materials 

Operation — 

i'owcr, 16 H.P. at lid. per unit 
Process wages 
General wages^ 

Repairs, cost of materials . 

Repairs, wages 

General expenses, light, water, etc. . 

Depreciation, 15 per cent, on /4000 
Total cost of operation 




■£ 

s. 

D. 



0 

1 

0 

J 
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15 

0 
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0 
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I'he above quantity of nitre-cake and salt should yield i ton 
2 cwt. of saltcake and il cwt. of 35 per cent, hydrochloric acid. 

d hrough the courtesy of Messrs The Stavcly ( oal and Iron 
Company, Limited, I had the opportunity of inspecting a 
furnace of this type, and Mr J. A. Wilson kindly gave me 
some information regarding their procedure. Their nitre cake 
contains 28 to 32 per cent, of “ free acid,” and is ground up with 
the appropriate amount of salt in a pan mill. Charging is done 
intermittently by means of a long 3-in. steel tube, the part 
which is thrust into the furnace having the top half removed 
so as to make a shallow, .semi-cylindrical, long tray. 1 his is 
fillccf with the mixture, pushed into the furnace along a recess 
in the cenfre of the roof, inverted, and the empty tube tjien 
withdrawn. The two main rgds carrying the rakes are proloag^'d 
and pass through bearings at the opposite end to the driving 
mechanism. This obviates any tendency to drgop through 
support at one end only. At each end of the furnace is a bin, 
about 1 2 in. wide and almost the full width oflhc furtiace. The 
saltcake is raked into these bins by fhe operation of the rakes, 
and is withdrawn through doors at the side from time to time. 
The centre is .slightly Jiigher than the end and is the hottest 
part of the furnace, the temperature at the arch being 600 to 
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7 CX 3 ®. The heating is by means of gas and is consequently 
readily controlled. Two men per shift were employed, the 
output ^bcing at the time of my visit about 5 tons of saltcake 
and 550 gallons of 28" to 30' Tw. hydrochloric acid ; but this is 
much below the maximum output of the furnace, being all they 
required at thc*lfme. Hydrochloric acid of 35 per cent, can be 
obtained, and the condensation and draught arrangements 
appear excellent. The cond^^nsing, system consists of (a) a 
catch-tower (/;) 64 condensers (c) a coke-tower, and finally (d) 
a cok^;-filter. 

The cafeh-tower is in tw'o compartments communicating at * 
the bottom. The first is filled wdth broken firebrick and the 
second with Guttmann cells, which arc sprayed with the 
hydrochloric acid returned from the first two condensers. At 
first the first compartment was sprayed intermittently with the 
liquid, but the earthenw'arc cracked so frequently that the 
spraying w’as abandoned. The acid in the first tw^o condensers 
is impure and is therefore run back entirely to the catch-tower. 
The catch-tower is w^ashed out w'cckly. The condensers, on 
account of the fact that they were worked much below^ capacity, 
required no cooling. After the condensers the gas passes to 
a tow'cr 30 ft. high and 4 ft. square, inside measurement. The 
bottom third is filled with Guttmann cells and the upper two- 
thirds with best Durham coke, graded ffom bottom upw^ards. 
Before passing to the chimnc)^ flue, the gas is passed through a 
small coke scrubber to wash out any uncondensed acid. 

Neutralisation of Nitre-Cake . — It w'ould seem highly improb- 
able that saltcake should be made by neutralising nitre-cake, but 
J. D. Pennock, Solvay Process Company (U.S. P. 870746, of 1907), 
proposes that alkaline .sodium compound be ground with the 
nit^c-cakc in approximatcl)^* reacting proportion>i and the 
mijtturc heated to a tenqxrraturc; above 125^ 

During the abnormal conditions prevailing since the war, 
it has actuajly paid to carry out a pn>ccss on these lines, and 
the author has seen the manufacture of saltcake from nitre-cake 
by neutralisation in 'operation. The nitre-cake was fused in 
an iron pan to drive out \tater, and the molten mass run slowly 
into a pan mill in w hich it was ground up with the requisite 
amount of dry soda- a.sh. It w’As not fonivl po.ssible under any 
conditions to grind the nitre-caKvC and soda-ash together without 
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this preliminary heating and fusion. The process gave a poor 
product and was very uneconomical. Unless left noticeably 
acid it was dark brown in colour, and it was usual for lumps of 
nitre-cake to esc^e neutralisation altogether. 

Other Sources of Sulphate of Soda as a Product. 

In treating pyrites-cinders by ro§.^ting with salt for the 
extraction of copper^ large quantities of sodium su^ohatc arc 
produced, and many attempts have been made to utilise it, but 
none of these have been economically succc.ssful. Details in 
volume on Sulphuric Acid. • 

It has been attempted to make sodium ndphatc from non- 
cupreous pyrites-cinders, especially those containing zinc, by 
special methods ; but the economic success is equally doubtful. 
According to a German patent of the Konigshiittc Mining and 
Smelting Works (No. 28465), roa.sting with salt has been tried 
for this purpose. 

Urquhart and Rowell (B. Ps. 292 and 293, of 1883) produce 
sulphate of soda as a by-product in decomposing sulphate of 
strontia with carbonate of soda. 

Smaller quantities of sulphate arc obtained, for instance : 

In the manufacture of sal-ammoniac by .subliming ammonium 
sulphate with common salt ; in that of corrosive sublimate from 
mercuric sulphate and common salt ; in amalgamating silver- 
ores ; in making aluminium chloride from common salt and 
alum ; in purifying mineral oils by mixing th 5 sulphuric acid 
and cau.stic lye used in purifying, and .skimming off the tar 
(described by Breitcnlohncr ’) ; in neutralising organic sulpho- 
acids containing a large excess of sulphuric acid by soda ; and 
especially from the alkaline fusion in the manufacture of 
re.sorcin, alizarin, etc. Kes.sler^ proposes to obtain .sodium 
sulphate from the zinc sulphate* of* galvanic cells by rrui^ins 
of common salt. 

In most of the cases just mentioned the sulphi^fc, owing to 
its low price, cannot be recovered economically, ur»less at least 
the crystallised salt is obtained by .spontaneous crystallisation 
without any expense of evaporation. Usually the solutions 
containisg the sulphate are run to waste, because they cannot 
be profitably worked ^ip, * 

I Dingl. potyt. clxxv., p. 459- Wagner^ s Jahresber., 1 859, p. 144- 
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Manufacture of Sulphate from Mother-Liquors and By-Products 
of Saltworks and Salt-Gardens. 

% 

(i) Frohi Mother-Liquors. — In these there are always 
chlorides and sulphates of sodium, magnesium, etc., present 
(calcium chlorfdo has at a previous stage been converted 
into gypsum, which has got into the pan-scale), and, according 
to the temperature, the acidscand bases combine in different 
ways. In the salt-gardens (inarais salants) on the Mediter- 
raneaw, worked according to the process of Balard, Merle, 
and Pechiifey (much the same as a process introduced into 
the Schoencbeck saltworks by Hermann nt the beginning of 
the present century), concentration by spontaneous evaporation, 
after the purer common salt has been separated, is allowed 
to go on till (at 58' to 64" Tw.) a crystalline deposit of equal 
parts of l^psom salt and common salt {sels mixtes) has been 
formed. This is drained, in order to remove, as much as 
po.ssiblc, the deliquescent magnesium chloride, di.ssolved in 
water up to the point of saturation (ss"* to 57^* Tw.). The 
solution is cooled in winter by natural cold, in summer by 
Carres freezing-machine.s. Glaubers salt cjystalliscs out, 
and magnesium chloride remains in the mother-liquor, 
thus 

MgSO, -t 2NaCl - Na,SO, + MgCU 

The dect)m posit ion is mo.st complete if to i molecule of 
Epsom salt there arc 3 instead of 2 molecules of common 
salt; then, on cooling to —1° or •-2°C., almost four-fifths of 
all the sulphate which the mixed salts can furnish is actually 
obtained. It is drained in the cold; and from the mother- 
liquors at -f5" to (in autumn) crops of Epsom salt arc 

• obtj«incd, which, dis.solvcd with common salt and cooled, furnish 
I new quantities of Glauber’s salt. Too much cooling must ber 
avoided, as^ othcnvi.se carnallite (MgCL, 2KCI, 6H2O) crystal- 
lises out, which ought to happen only with the last mother- 
liquors. The crude Glauber’s salt is sometimes purified by 
dissolving in tepid water and crystallising. 

The sulphate prepared in this way could not possibly 
compete with ’that of the alkali-works, unless the common salt 
and the potassium chloride, ivhich are the principal products, 
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paid the expense of the process, and unless the dehydration of 
the Glauber’s salts was effected in some cheap way, r.^., by 
lY-chincy’s process with common salt or scls mixtes. • 
Lunge found tne process to be carried on in the^ following 
manner at Pechiney’s Giraud works: — The ^eh mixtes are 
corrected by adding magnesium sulphate or common salt, in 
order to obtain then cor»ect proportions. The mixture is 
dissolved to sp. gr. i-263f the iiquor obtained later* on in 
deh}'drating the Glauber’s salt is added, and the whole cooled 
down to +6'" by means of a freezing-machine. The liquefied 
Ammonia is passed through a box, about 13 ft. long, T^y means 
of a number of parallel, thin iron tubes, wnerc it is mostly 
converted into gas ; the liquid and gas pass first through 
another similar box, and then through a solution of “mixed 
salts,” which thereby receives a preliminary cooling, and then 
returns to an apparatus, where it is converted into liquor 
ammonite b>' injection of water. The cooled salt solution is 
conveyed through the freezing-boxes in the opposite direc- 
tion. The decomposition of the salts into magnesium chloride 
and Glauber’s salt (which .separate in small, mud-like crystals) 
takes place principally in the fir.st box. In this a frame moves 
backwards and forwards in a horizontal direction, carrying 
a large number of rakes reaching down between the cold 
ammonia-tubes. The ^ower part of each rake moves in 
joint which allows a motion only in one direction. When 
the frame moves towards one of the ends 0^ the box, the 
rakes drag along and have no effect; when the frame takes 
the opposite direction, the rakes .stand up and thrust the 
muddy^ deposit of Glauber’s salt towards the other end of 
the box, where it is lifted up by a chain of buckets and is 
drained in a tTough, lined with thick^ planks, to prevent cooling. 
The salt is further drained, stiJll in the cold .state, in a centfi^ 
fugal machine, and is then submitted to Ptichiney’s dehydration 
process. Since the dehydration of Glauber s sal* by fire 
is a very awkward operation, whether the ^re acts from 
below or from above, Pechiney utilises the •greater attraction 
for water possessed by the above “ mixeef salts ” at a temperature 
of 80^’. Glauber’s salt changes into anhydrous sodium sulphate 
far below thi.s tempordture. T^e ^ Glauber’s .saft is mixed 
with 45 per cent, of its weight ^f the “mixed salts, the 
. ^ « 
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whole is heated to 8o”, and is “whizzed" in a centrifugal 

The 'elerature ofth 

inc , emperature of the magma must never sink below «»• 
It 1.S washed with warm water, which leaves Na,SO wL’ 
n y 4 per cent, water, and almost free from magnesium salt 
The so ution of^" mixed salts ” hereby formed is nSrcooTed In 
rder to separate them as above .stated so that the i 
operaHon costs next to notlvng. A dissolving-cylinder of 6i°ft^ 
diameter and 4 ft. high, and a small centrifugal machine form 'the 
whole apparatus for dehydrating .3 tons ofLium stTpi 

bv the Glauber’s salts can be dehydrate* 

by efflorescence on exposure to the air for a prolonged^eriod 
c residue consists of a powder, mainly compo.sed of Na SO ’ 
H,0, from which the last of the water is easily expelled in a 
reverberatory furnace; even without this it is dirTctlv fit f 
carnage- to a distance and for many applications of saltcake ' 

time been fiiicd with fresh water Tli - ”]eari- 

iTd z' ™ 

summer and are cither le.a ^11 “ obtained m 

when Glauber’s salts trvLmsel out" 

are concentrated by evaporation filtered 'th '^'=ather, or 

and allowed to crj-stallise at orZ r 

shallow wooden troughs lined with'^Tead'^Z 2o"ft ' long” by 

L™ r^.r7L“ “r“ r 

r J , . r ^ ' oecause otherwise too arge ervstaU 

are formed, which are not liked in f ^ a ^ ^^ystals 

erys^lli-sation sets in, a wobden rake end 

of the ^oler to the other y this gentle movement causes tSe 
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separation of many individual crystals, which afterwards grow, 
especially in the longitudinal direction, aiid thus acquire the 
peculiar acicular aopearance exhibited by the so-called Iviglish 
Glauber’s salt. If the liquid were moved too much, or stirred 
about, as in making Epsom salt, instead of well-formed crystals 
only a muddy crop would be obtained. ^If, on^the other hand, 
the liquid is allowed to renxiin at perfect rest, the salt crvstallises 
principally at the sides and the bottom in the shape )r large, 
firm, well-formed crystals, whi< h must be detached with a chisel 
and broken up. 

• When the coolin,^- is complete, the mc^ther-liquor'is drawn 
off by a siphon, the siilt is put into a tub with a plug-hole in 
the bottom, and the licjiior drained off clear. 'I'he remaining 
mother-liquor is removed by sprinkling cold water on the salt 
with a watering-can and allowing it to stand for twenty-four 
hours to drain. The salt is dried on wickerwork trays, in 
summer in an oj)cn place protected from dust, in winter in a 
gently heated stove. The crystals arc only left in contact 
with air until the}' .show the fir.st traces of effcrve.sccnce on their 
surface ; otherwise they would become unsightly in appearance. 

(3) On working-up kelp, sodium sulphate is also obtained, 
after the crops of pota.ssium sulphate, potassium chloride, 
common salt, and sodium carbonate have been got out, just 
before the working foi* iodine commences. 

(4) Sodium Sulphate from Cryolite— W. Bauer (Gcr. P. 52636) 
shows that on fluxing 5 parts of cryolite witn 12 parts of 
anhydrous calcium sulphate, the following reaction takes place: — 

A1,F,, 6NaF + 3CaSO, = sNa.SO, + 3CaFo -f AI,Jv 
1 he malt is boiled wdth water, the solution is concentrated by 
evaporation, fytered from the precipitated gypsum, and allowed 
to crystallise. The same reaction » is,. slated to occur whgn 
cryolite and gypsum are boil<?d with water for a long time. 
The re.sidual mass of calcium and aluminium fluorides is to be 
worked for aluminium sulphate and hydrofluoric' acid or 
ammonium fluoride. [It is difhcult to uqdcr.dand.how an 
inventor can suppose that a process /^ill pay in which the 
sodium is turned into almost useless Glauber’s salt, and the 
alumina iiTto a crude residue, wjiilst in the old process of 
decomposing cry olite by calcium^ carbonate the sodium is 
recovered as carbonate^ and the alumina in a pure foyn.] 
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Tin' MANUPACTUKK OF SULPHATE Ol- SODA BY THE 
J*ROCKSS OF HARGREAVES AND ROBINSON 

This process, which t)nly attained its limited measure of success 
after j’cars of incessant effort on the part of the inventors, gave 
promise a few years ago of becoming the chief process for the 
manufacture of sodium sulphate. Iiach disappointment only 
brought forward a new improvement from the inventors until 
it .seemed that the proce.ss had hiirly establi.shed itself 

At the time of its introduction circum.stances were in favour 
of the Hargreaves proce.ss, which even in its infancy roused 
the greatest hopes among the Engli.sh alkali-makers, and in 
spite of the great co.st of plant, .spread with comparative rapidity. 
In 1891 there were .seven Hargreaves plants in Great Britain and 
Ireland, with 1 10 cylinders and a producing capacity of 200 tons 
«f .saltcake per day ; in France three j^ants, in Germany two 
plants. Undpr normal circumstances it is very probable that 
the Hargreaves process would have extended in an increasing 
ratio, and perhaps have become the prevailing .system of 
manufacturing saltcake. But it came a little too late. It had 
hardly got through its earlier stages, when the further extension 
of the Leblanc alkali process was checked by the ammonia- 
.^xla process, with the fon.sequcnce that the* former was 
Compelled to lay the grcate.^il stress on the recovery of 
the largest possible quantity of highly concentrated hydro- 
chloric aeid, which was no easy matter with the Hargreaves 
prtKcss ; moiy^ovcr, Leblanc alkali-makers could not but 
hesitate to embark further large sums in an industry which 
seemed to be destined to be extinguished within a comparatively 
short time. ^ • 

There arc now no Hargreaves pkiats running in England, 
the last having closed dow^i in 1918. The fascination of this 
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process for inventors, however, is in itself lifficient to justif}' a 
more extended reference than that of most processes rngntion^'d 
in the last chapter. A full dc'cription of the process \yill be 
found in the last e^lition (Vol. II., Part i, Chap. IV.). • 

• • 

Description of Hargreaveo Process. 

• « 

From time to time, nijiny attempts have been made to 
manufacture .saltcakc without '.he intervention of .sulphuric acid, 
by the direct action of sulphur dioxide, air and str ain on .sodium 
chloride. Patents h this direction were taken out, ifi 1850 by 
Gos.sage, in 1853 b\’ ^\obb, in 1855 by Armbru.ster and Lai.st, 
in 1856 by Remond, in 1857 by Rrooman, in 1858 by Me.sdach, 
in 1863 by Thibierj^^c ; al.so Lon^maid's proce.ss (1842), it.self 
the revival of a much older proce.ss, applied the reaction 
that comes into play here, in a very different manner from 
the present. A decisive step was the local separation, first 
mentioned in Ikooman’s patent (1857), between the evolution 
of sulphurous acid from pyrites and its action upon salt. For 
this reason a patent of Konij.js and Hcnder.son (22nd June 1871), 
which reverts to a mixture of ferric oxide and .salt, without 
any other novelty of imjjortance, has never had any practical 
success. 

Ncjite of these former proposals was succc.ssful ; even the 
first-mentioned process ot Prooman’s has never been carried out 
practically ; and the merit of real inventors cannot be denied 
to Hargreaves and Robinson, who.se mutual efforts at length 
made the procc.s.s succe.ssful. 

Hargreaves and Robinson, of course, did not pretend to have 
been tfie first inventors of the process of making saltcake by the 
action of suljfhurous acid upon corrynon .salt in the prc.scncepf 
air and steam ; the}' only clagned U) liave made that proocss 
practicable by a large number of pateiit.s. The first of thc.se 
dates from 7th January 1870. It gives only an outjinc of the 
process; whilst two subsequent patents, of 8th November 1870, 
already had all the essential features of th<? apparatfis now in 
use, but with this great difference, thrft the gas still travelled 
upwards in the cylinders. In their fourth patent, of 4th July 
1871, they introduced thafollowinj important impruvements : — 
1st, passing the mixed gases in a downward direction through 
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the chlorides, by which a more uniform effect is produced ; 2nd, 
employing cast-iron vessels instead of brick chambers ; 3rd, 
combining a series of such vessels in a methodical way, and 
arranging* cast-iron gas-flues, so as to force^the gas to act in 
such a way that the fresh gaseous mixture always comes into 
contact with bearly finished sulphate, and the almost spent 
gases with fresh salt, pr-cciscly as in^the methodical lixiviation 
of black-ash. • 

These improvements were of decisive importance. The reason 
why proce.ss works much more completely if the ga.ses travel 
downwards^ has been discu.sscd in a long paper by Hurter.^ * 

The most important of Hargreaves and Robinson’s improve- 
ments was, of course, that of .systematically utilising the burner- 
gas, .so that it leaves the apparatus at least as free from 
sulphurous acid as the gas leaving sulphuric-acid chambers. 

Apart from subsequent improvements in detail the most 
exjdicit de.scription and drawings of the Hargreaves and 
Robin.son process are contained in their patent of October 1872. 
Reference may be made al.so to the paper of John Morrison, ^ 
and to the la.st edition of this book in which details arc given 
which are now omitted as being of historical interest onl\'. 

Gene rid Principles. 

„ When sulphur dioxide in the pre.senccfof an excess of oxygen 
(in the shape of atmo.spheric air) and of moisture meets with 
.sodium chloride at temperatures round 500'', the following 
reaction takes place : — 

2 NaCl+S0,-l-0 + H ,0 -= Na,SO, + 2HCI. 

That is to say : the sodium chloride is converted into .Sodium 
sq.lphatc, and the whole of the hydrogen chlorido is liberated. 
TJxs decomposition, in order tu^be complete, demands a long 
time and a large cxcc.ss of the gases and of steam, so that the 
hydrogen chloride, c.scaping in the ga.scous form, is mixed with 
very much SO.,, etc. But if these gases arc first made to act 
upon .salt; already "partially converted into sulphate, and later 
on, w’hen they contain very little SOo, upon quite fresh common 
salt, the SOjj in the ga.ses can be almostly completely exhausted, 

* Din^L polyt. /, 228 , p. 200. ** • 

* Transactions of the Newcastle Chemical Society^ 21, 1881. 
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while at the same time the larger portion < »f the oxygen and 
steam are consumed by the reactions described. Thus we obtain 
at one end of the apparatus sodium sulphate with a little 
unchanged NaCl' and ‘‘ free acid/' />., ordinary sadteate ; at 
the other end we find escaping a mixture of HCl with a little 
oxygen and steam and with very much nitrogA,«from which by 
the ordinary condensers the HCl can b^ washed out practically 
completely, and obtained^ as Vic^uid hydrochloric aod. The 
reaction is carried out in a set of cylinders which are 'worked 
in regular rotation, so that each one is alternately first, inter- 
•mediate, or last in th ' series. • 

The substances u.^d are the following: — 'liw soi^iuw chloride 
is employed partly as pan-salt, partly as rock-salt, but is always 
moulded in such a shape that it remains permeable to the gases, 
and can be transformed into sulphate right through. The source 
of the sulphur dioxide is ordinary pyrites-burner gas ; of course 
the gas from sulphur-burners or from roasting blende, etc., 
would .serve the same purpose. In all ca.ses these gases contain 
not rncrcl)' a sufficient quantity of free oxygen for oxidising 
SOo into SO;,, but such an excess of that gas as is necessary 
for making the oxidation practically complete. Experience has 
shov/n that the most ^suitable composition of the ga.scs in the 
present case entirely agrees with that which is m(xst .suitable 
for the manufacture oJ sulphuric acid; they should contain not 
less than 6 per cent, and not more than 8 per cent. SO.^ hor 
this purpose the unavoidable pre.sence of SO., in ‘the burner-gas 
must be counted an advantage. 

The way of introducing the steam in this process differs 
very much from that employed at vitriol-w'ork.s. It is not 
introduced at some distance from the pyrites-burners, as is 
the case in •lead-chambers, but in the burners them.selvcs,^or 
just behind them. Introduction beneath the grate- bar<^ 
the burners was tried but found to interfere with the com- 
bustion of the pyrites. It is usual to place the^ .steam-jets 
within the burner above the layer of burning pyrites. The 
steam is always somewhat superheated. Mu^h lesc steam is 
used than in the manufacture of sulphuric acid ; it is regulated 
in such m^inner that the exit gas contains about 20 grains f>er 
cul^ic foot (46 g. per cul^jc metre)* For every looo lb. of Na^S 04 
theory requires 127 lb. of steam ; poetically 200 lb. is u.sed. 
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Morrison quotes the followinj^ average composition of the 
entrance^ gases from actual practice ; — 

(to to 70 grains SOj, per cub. ft. - 138 to 161^ grms. per cbm. 

2 8 „ SO3 „ 4-6 „ i8-4 

20 „ 25 „ H ,0 „ - 46 „ 57-5 „ 

• • 

It is most import?Mit to work at the proper temperaUire. 
The reaction commences at 400"" C., hut n^t very strongly ; the 
cylinclens charged with fresh sMt, in \vhich the last remainder of 
SO., is to be retained, are kept at that temperature, partly by 
the heat o[ the gases passing through and parti)- by an external 
fire. At the other end of the .series, vyhere the saltcake is 
finished, the temperature must be much higher, in order to 
dccompo.se as completely as po.ssible the bisiilphate formed 
by the SO.^ of the burner-gas ; that means rather above 500 ’ C. 
for pan-salt, or 540' for rock-salt. There is no harm done if 
the temperature ri.ses even a good deal higher than this, .so long 
as the .salts do not commence to fu.se. Hence 772' ('., as the 
melting-point of NaC'l, or even SCo" as that of Na.,S04, would 
be the theoretical limit ; but it goes without .sa)-ing that it is 
imperative to keep coiisiderabl)' below this utmost limit in order 
to avtjid accidents 

The reaction of the 1 largrcaves ’ process i.s strongly 
exothermic, .so that, theoretically, once^ the substances are 
brought to the proper temperature, no su))pl)' of heat from 
without is required, but, on the contrary, the heat produced 
by the reaction must i)e carried away. In practice .se) much 
heat is lo.st by radiation that external heating is nece.s.sary. 

In the ordinar)' saltcake proce.ss, the reaction 

H,S(), + 2NaCI - Na,S(), f 2HCI 

r ' 

is endothermic, being accymi^anied by a heat-absorption of 15-8 
kilo-calorie.s. In the Hargreaves 'process there is, on the other 
hand, a marked heat-evolution, since the burner-gases enter 
into the process with their own heat, and the heat of formation 
of sodium .sulphMe js superadded to this. The heat developed 
here is as follows : — 

(1) 2FeS,4-iiO - Fe..03-f 4SO.. 

2 X 23.8 '191 +4 X7p6 heat-units 

47-6 ’ . 477-4 
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That is, for 4SO2 429- 8, or for SCX 107-4 

(2) 2NaCl + H,0-f0. + S0., - Na..SO, + 2HCl 
^X97.3-f 68+71.6 327.4 + 44 h.u., 

335-2 371-4 •» 

leaving again a surplus of . . 36.2 ,, 

• • 

or together with the former 107-4 givii^ a total of 143-6 h.u. 

As the sodium sulphate formed has a specific m( lecular heat 

of 36-1, its temperature would theoretically rise to 

, nearly to 4000° C. : but this calculation ignores the Joss oT heat 
with the discharged.saltcake and escaping gases and the great 
loss of heat by radiation. This explains why an addition of heat 
from without is certainly necessary in the beginning, in order 
to reach the temperature where the reaction .sets in, but that 
later on, u ith very good arrangements for preventing loss by 
radiation, not only is there no nece.ssity for further heating 
from without, but it may even become necessary to cool the 
mass artificially, to prevent its fusing. 

A detailed and interesting .study on the Hargreaves process 
has been made by W. Staedel.^ He does not consider it 
probable that the reaction : 

4NaCl + 2Sa + 0.. + 2H.X) - 2Na..SO, + HCl 

• 

(in which 9 molecules are supposed to act on the left sklc) 
should take place without intermediate react’ows. In the first 
place he .studied the influence of temperature and of the concen- 
trations on the reaction by allowing a suitable mixture of ga.ses 
to act upon small pieces of rock-.salt in a glass tube at as uniform 
a concentration of SO2 as po.ssible. The reaction set in at 300'’ C. 
and increaj^d slowly up to 450°, after this rapidly. Gaseous 
mixtures containing 19 to 26 p(?r qjnt. SO., by volume were 
employed (such high concentrations of SOg never occur* in 
practice). In the case of gases containing ii to 16 per cent. 
SOg, a stronger reaction did not set in before ; at 569° 
90 per cent, had been transformed. Altogether the principal 
point is the concentration of SO2, whjlst those of and H^Og 
are not very important. Ilut the concentration of the aqueous 
vapour IS of considerable influence. Even if no oxygen what- 

^ CA^Pt. Ind.^ 1905, 28^ 1V3, 198, and 226. 
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ever was present, sensible quantities of HCl were formed, which 
leads to jthc conclusion that some sulphite was formed, which, 
as the analysis of the residue shows, partly changes into sulphate 
and sulphide : 

4Na,S03 - 3Na,SO, + Na,S. 

I * 

About 2 vols. IICl arc* formed to lOOO vols. SO^. SO^ also 
liberates a corresponding quantity Af HCl, corresponding to 
the equilibrium ; * 

2NaCl 4 - 11,0 4 - SO, Na,S03 4 - 2HCI. 

• 

Some experiments seemed to show that ir> the presence of an 
excess of oxygen, sulphuric acid is not formed in the first 
instance, and that therefore such a preliminary formation can 
have no fundamental importance in the Hargreaves process. 
Other experiments showed that at the temperatures which 
come into question in this case, sodium sulphite is instantly 
transformed into sulphate. Keppeler’s idea is that primarily 
sulphite is formed, certainly at first only in small quantity 
corresponding to the above-mentioned equilibrium, but that is 
continuously reformed, as the sulphite at once passed over 
into sulphate. Further experiments show^ed that the mixtures 
of sodium chloride and sulphate, formed in the Hargreaves 
process, begin to soften at 610", independently of their com- 
position. It is not advisable to go beyond this point, for 
reasons already mentioned ; but on the other hand, the 
temperature should not be too low, since then the speed 
of reaction is too small. It will be best to work between 500° 
and 550'’— that is, at a just visibly red heat (525^). 

The conclusion from Staedel’s experiments that the formation 
of ^sulphuric acid is not an intermediate stage in nhe process 
sugg#:sts doubts of the value of ablate patent of J. Hargreaves 
(Fr. l\ 384144, of 1907) according to which the decomposition of 
sodium chlqride by a mixture of sulphur dioxide, steam, and 
air, resulting in the formation of sodium sulphate and hydro- 
chloric acid, is accelerated by the addition of certain salts or 
oxides, such as those of cDpper and iron, which act as catalysts, 
facilitating the conversion of sulphurous into sulphivic acid. 
The catalyst (oxide, hydroxide, or sait^ or iron or copper) 
may be mixed with the .sak, and the mixture made into 
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briquettes, which are preferably grooved or perforated, or the 
catalyst, in the form of iron or copper chloride,, may be 
volatilised, and the vapour mixed with the gases enyMoyed. 
The briquettes are stacked in the decomposition thamber in 
columns, the upper portions of which are supported so as to 
prevent crushing near the base. The catalyst ‘should be very 
intimately mixed ^ith the salt an(4*is, therefore, preferably 
added in the form of a, solutjpn, and its amount may vary 
from about o*i to i per cent, according to the desired purity 
of the product. 

Ra 7 u Materials. 

The kind of salt is of great importance, both chemically 
and mechanicall}'. h'rom a mechanical point of view the fine- 
grained “ butter-salt,” obtained in the .salt-pans at a boilingAxtdX^ 
is the best ; the ordinary “common .salt” is too coarse-grained, 
and gives too loose cakes. Rock-salt, merely crushed, is 
unsuitable, but it is all right when finely ground. With fine- 
grained salt, hard cakes are obtained which form but little dust 
in the cylinders, and which arc much more regularly and quickly 
transformed into sulphate than coarse-grained salt. The process 
is much more quicl^y finished with finely ground rock-salt 
than with pan-salt. In the former case sometimes chemical 
rea.sons are superadded to this. The ferric oxide, generally 
occurring in English rock-salt, acts as a carrier of oxygen ; a 
recent patent (see below) actually prescribes the addition of 
ferric oxide, where this causes no inconvenience in the use 
of the saltcake. It has also been asserted that the calcium 
sulphate and clay, contained in rock-salt, promote the decom- 
position ; but this is que.stionable. 

At all eVents it has been foun^ most suitable to add to,the 
ordinary common salt (panisalt) a tertain quantity of finely 
ground rock-salt ; preferably 70 or 75 of the former with 25 or 
30 of the latter is employed, and this yields saltcake.not exceed- 
ing 0 5 per cent, of NaCl. For the use of glassworks this salt- 
cake contains too much iron ; for these saltcake is* made from 
pan- salt alone, and therefore costs rather more ; the cylinders in 
this case take a much smaller charge, and yet require a third 
more time for fini.shingu(^. belo\^). 

Morrison emphatically cautioits operators against occasionally 



204 


MANUFACTURE OF SULPHATE OF §ODA 


charging one or two of the cylinders, which otherwise work with 
the above mixture of pan-salt and rock-salt, with common salt 
alone, or vice vers^. 

Practically, the cheapest obtainable common salt is employed, 
such as the waste from trimming the salt bricks, dirty salt, etc. 

t « 

Px^parijig the Salt, 

The proper preparation of the saft is the keystone for the 
success (^f the Hargreaves process. The salt ought to possess a 
sufficient degree of porosity to make it completely permeable to 
gases; and, it ought also to fill the large chambers in such a • 
way that the gases must traverse it quite luiiformly. It cannot 
possibly be employed in the state of powder, because then the 
gas would not penetrate through it at all, especially after a 
crust of sulphate had been formed ; it must therefore be formed 
into lumps. These lumps must be sufficiently strong to 
bear the pressure; of the superjacent mass, and yet porous 
enough to be penetrated by the gas to their innermost core and 
to be completely converted into saltcake. The solution of this 
problem was onl)' accomplished after several years ; and the 
extension of the process was greatly retarded by this difficulty. 
Apart from Hargreaves’ patents, attempts to obtain the salt in 
a suitable form were made by Hunt (H. P.*20i6, of 1874), Brock 
(B. 1 \ 1502, of 1875), Milburn and Jackson,(B P. 1917, of 1875), 
M‘Oougall (B. P. 3003, of 1875), Steven.son (B. P. 1723, of 1875), 
and Hawkslc)' (i], P. 3789, of 1880). 

In the end, the dr)’ing process was carried out successfully 
by the employment of the continuous apparatus first proposed 
by Mr Stevenson, but greatly improved by a mechanical con- 
trivance patented by Mr Hargreaves. The vdamp salt is'eon- 
tinuj^usly dropped from a hoj)per on to a row of wctal plates 
connected so as to form aia endless chain, which passes through 
an oven of 5 ft. width and 40 to 1 30 ft. length ; the heating is 
done by fire-ga.ses traversing the interior of the oven. Before 
the end of tiic plate-chain enters the oven, the salt is pressed 
down upon it by^ncans of .shovels, or mechanically by a roller, 
and thus converted into a fiat cake. At the other end of the 
oven, where the plate chain carrying the dry salt conies ^ut, the 
cake is broken tnto pieces by haRid or byjnachinery. 

The heating from above a mo.st essential advantage of 
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this process. It causes the formation of a hard crust on the top, 
and the adhesion of the salt at the bottom to the plates, formerly 
very troublesome, when the firing was done from belo^, is no 
longer to be feared. 

The Production of Sulphur Dio.fidc. 

In principle thi.siis pej'formcd just#as in the manufacture of 
sulphuric acid. But for the IIa»grcaves processes the pyrites- 
burners are] con.structed with a special regard to fosing as 
little as possible of the heat generated in them, hor this 
* purpose they arc always placed in two rows, batk to back 



Fig. 6i. 


and with outer walls 2 ft. thick. The walls consist of common 
bricks, lined with a half-brick thickness of firebricks. This is 
done not merely for cheapness, but because the common bricks 
conduct tlfe heat better than ^rebricks. Probably Fald^ng’s 
hollow walls (B. P. 17602, of 1893) would be very useful^ here. 
The iron parts should be as little as possible exposed to the 
action of the hot pyrites, in order to avoid cooling ; the 
charging-doors are therefore lined with fireclay, etc. The 
burner arch descends at the back more than in front ; in the 
channel formed by the junction of ’the two arches the gas- 
flue is arranged. This flue, as well as the arches, is covered 
with ashes at least p* ft. deep^, this is rendered po.ssible by 
making the front walls so mttch higher. Fig. 61 gives a 
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transverse section of Hargreaves’s pyrites-burners to illustrate 
the above. 

The burners arc mostly built in the manner usual on 
the Continent, communicate freely at the top and have only a 
single arch, the divisions between the single burners not 
extending abo\»e\he charge of pyrites. 

The burners differ from ordinary ^yritc^-burners in the fact 
that the steam is introduced ii]to the hot burner-gas, cither in 
the gas-sj^ace above the burning pyrites, by means of a steam- 
pipe passing through the arch, or into the large metal pipe 
which carries the gas from the burners to the cylinders. It • 
must be superheated and at the same time eompletcly dried. 

The composition of the burner-gas (apart from the never- 
absent SO.j) has been given on p. 200. 

Apparatus for decomposing the Salt {Cylinders). 

The salt, prepared in the manner previously de.scribed, is 
placed in cast-iron cylinders, where it remains without further 
manipulation till converted into sulphate. The minimum 
number of cylinders is eight ; the greater the number, it was 
formerly believed, the more regular is the reaction, and the 
smaller the (juantity of fuel required per tpn of sulphate manu- 
factured. In fact, as many as twenty c}'liiiders were employed. 
More recently opinions changed on this sift)ject ; the large sets 
were cut in two, and sets of eight cylinders, six of which 
were working, and two being discharged and recharged, were 
considered best. The series of cylinders was so arranged 
that each in its turn became the first, intermediate, and last. 
The sulphurous acid was first admitted into the cylinder wjiose 
contents were most nearly converted into sulphate; and the 
speyt gases passed out from ^that which was last d!arged with 
salt, after passing through* a succession of cylinders containing 
* less and less sulphate. 

The oldef sets (before the year 18S0) had cylinders of 15 ft. 
diameter, but iS-ft. cylinders were usual. 

The working-^ravCings of a Hargreaves apparatus as used in 
1890 were supplied through the kindness of Mr John Morrison, 
chemical engineer, of Newcastle-on-Tyne, to whom as •well jis- 
to Mr John Hargreaves thanks*are due further information 
thereon. The drawings represent a set of ten i8-ft cylinders. 
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Fig. 62 shows a partial side- 
view of the cylinders, with the 
drying-oven and the preparatory 
apparatus, the latter merely 
sketched on account of the 
small scale. A, steam-engine ; 
B, saltmill with the elevator C ; 
D, mixing-box ; E, stamps ; F, ^ 
longitudinal and cross cutters ; 
F', drying-oven, with the carrier 
♦ G ; H, the brickwork .surround- 
ing the cylinders, o^ which only 
the discharging-holes a a arc 
visible. 

Fig. 63 shows a set of ten 
cylinders — each 18 ft. diameter 
and 12 J ft. high, and each of 
which furnishes about 55 tons of 
saltcake — in different horizontal 
sections, viz. ; at A B, through 
the foundations ; at C D, just 
above the bottom, below the 
grates ; at E F, abo.vc\he gratc.s ; 
at G H, seen from above, with 
the burner-gas pipe, the charging 
holes and gas-pipes being cut 
through. Fig. 64 shows a 
longitudinal section through a 
cylinder. 

l*lic cylinder-shell is built up 
from two uings. The bottom 
consists of four segments, dove- 
tailed in a special way (cf, the 
later patents), which causes it 
to stand very well. Fifteen 
inches over the bottom a grate, 
a, formed by a number of 
perforated plates, is placed. 
The charging and discharging, 
arrangements appear to be the ^ 
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weakest parts of the design. Three days are required from the 
time when a cylinder has been put out of scries for discharging, to 
the time when it has been recha/ged and is again ready for work. 

Mechanical dischargiiig apparatus was also tried b*ut was not 
successful, as the saltcake remained behind in the back parts of 
the cylinders, ^ • 

In the centre of. the cylinders there is a hollow nillar, r, lo 
in. wide, which passes thro^igh tbe grate down to the bottom ; 



Fig. 64. 


the foundatfcns arc made in such ipanner that the foot of c ri^jsts 
indirectly on a brick pillar. ,On the •top, just below the cover, 
c is provided with a flange, .serving as a support for the points 
of the sectors composing the cover; pipe c itself continues 
above this and projects 2 ft. above the layer of ashes covering 
the cylinder-top; it is closed by a loose 'cap. By means of 
this central pipe c it is possible to examine the temperature 
of the raass at various depths (which is mostly done merely by 
observing the degree ^»f gIowin|^), and also to introduce cold 
air in case the mass becomes ove^hEated, 
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On the cylinder-cover there is a large number of necks, d dy 
serving ^or charging the cakes of salt into the cylinders. The 
outer ivall projects above these necks, so that the cylinder-tops 
can be ke*pt covered with a thick layer of salt, which in this 
case is preferred as an insulator to ashes, because it prevents 
any dirt getting into the cylinders. 

The burner-gas, consisting of SO.,, D, and N, is 

conducted through the 3-ft. metal rrviin-pipe/ running between 
the two rows of cylinders and embedded in a deep layer of 
ashes. From this main the branch-pipes .start for each cylinder, 
and allow Ihe gas to enter the cylinders through valve.s. Onl}#? 
one of these valves is open at a time, viz., that belonging to 
the cylinder forming the first member of the series, in which the 
decompo.sition of the salt is nearly finished. The fresh burner- 
gas thus enters exclusively into this cylinder, from above. At 
the bottom the gas goes away by the lateral pipes // k, cast 
in one piece with the cylinders, and enters into the next cylinder 
from above. The same is the case with all other cylinders ; 
only in the last of the .series the lateral pipe is closed against 
the next cylinder, and here the exit gas (now containing only 
HCl in place of SO.^) mu.st make its way through z into the 
hydrochloric-acid flue A 

Wc thus find in every cylinder on onerside a long pipe, //, 
re, aching down below the grate, and on th& diametrically opposed 
side a short piue, //', ending just below the top. The cylinders 
arc placed close together, so that a long pipe, //, is always close 
to a short pipe, //', and a short connecting-siphon (c/ below) 
suffices for putting them into communication. Only at the two 
ends of the set a long connecting-pipe must be used. Thus the 
whole system might be converted into a continuous annular 
channel, which, how'cvcr, is never done. But it is^-also possible 
to interrupt the connection at avy given place, and to connect 
b)' another siphon the short pipe Ji with the burner-gas main /; 
this makes each cylinder in turn the first of the series, whilst 
at the opposite end of the series the long pipe h is put into 
communication with thq hydrochloric-acid flue k. Just in the 
same way each cylinder, or some of them, may be isolated, 
and those before and behind it may be connected with* the pipes 
for SO2 and HCl, ^ ‘ 

The connecting-pipes employed are shown in Fig. 65. They 
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contain valves a a, which are made tic^ht by means of the 
heavy iron door r, manipulated through the small manhole 
plate c resting on an inclined frame, planed and faced #at the 
point of contact with the door. 

The hydrochloric-acid gas is carried awjy^ by a i)ipe, k 
(Fig. 64), placed above. , 

The cylinders rmist bp heated externally in order to get 
them up to the tcmperatiwc required for the reaction, and to 
keep them at this during the whole time of decomposition, 
which may amount to four weeks. This was certainjy no easy 



Fic. 65. 

task to perform with apparatus of such extraordinarily large 
sectional area, and it would be practically impossible if the 
mass was not most efficiently heated from within, firstly by the 
proper heat Sf the burner-gases ptesing through, and secondly 
by means of the heat liberated in the* cylinders themselves by 
the chemical reaction. Calculation .shows that of the 143*6 
heat-units liberated in the formation of a gramme-molecule 
of NagSO^, almost exactly three-fourths, viz., .107*4, set 
free in the pyrites-kilns, and one-fourtji only in the cylinders 
themselves. At first, so much fuel was used (up to twice the 
weight of the saltcake) that the economical success of the 
process seemed doubtfiri. But later on the quantity of fuel 
was constantly reduced, by preserving as much as ^possible 
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the heat of the burner-gases through continually improving 
the heat>insulation of the burners and gas-pipes and of the 
cylinders themselves. This aim produced very considerable 
alterations in the design of the sets of cylinders and connect- 
ing-pipes, as will be clearly seen by comparing the plans 
contained in this and those in the first edition. By all these 
changes the original cowsumption of 2 tons of coal for i ton 
of saltcake was brought downtto 21 /:wt. In a few places they 
fire merely for heating up, and when the cylinders have attained 
their proper heat the fires are shut down. 

It is, of course, impossible to make the gases from th«f 
burners circulate through all the cylinders*" from the top down- 
wards, and at last through the condensers, by natural draught. 
The exit gases, viz., hydrochloric acid and the excess of other 
gases, are drawn from the cylinder by an aspirating apparatus. 
The most suitable one is a Root's bloiva\ made by Messrs 
Thwaites of Bradford, modified by replacing the wooden revolv- 
ing pistons with iron ones, the temperature being too high for 
the wood to stand without injury, apart from the rapid decay 
of the wood which would be produced by the corrosive 
action of the gases. The iron pi.stons and shell of the blower 
arc not injuriou.sly acted upon by thcc gases so long as the 
temperature is sufficiently high to retain rfiem in the gaseous 
styte ; and the blow'cr receives no more *damage than it would 
from drawing /he same volume of atmospheric air through it. 
This temperature is easily maintained by placing the machine 
under cover and putting a layer of non-conducting composition, 
such as is used for steam-boilers, on the outside shell. 

If the parts of the machine subject to friction were allow^cd to 
attain the temperature of the gas passing through it, very rapid 
\war would take place ; bututhis is provided again'st by making 
th(f shafts revolve in bi*ass bushes fixed in a hollow bracket. 
A current of w ater is kept flowing slow^ly through the bracket, 
so as to keep down the temperature of the brasses ; but, from 
the position of the inlet and outlet holes in the bracket, this 
water has* little cooling cflect on the shell. No stuffing-box is 
required, as the very small amount of air leaking through is 
of no practipal importance, and there is no tendency of the 
gases to leak outwards unless great, resistance is placed on 
the exit side of the blower.* 
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Among the later patents relating to the process, reference 
may be made to B. P. 2809 of 1879, Gcr. P. 17409 and B P 
5682 of 1886. 

Working of the Hargreaves Apparatus. 

The salt, mixed in proper proportions (p. Aj), moulded into 
cakes and dried, is cljarged still hot, if possible, into the cylinder 
which happens to be empty, by^eans of the openings in the 
top, which is a somewhat slow process (p. 2 10), as these necks 
themselves greatly impede the traffic on the top of the 
^cylinders. The cylinder in question is then prop&rly closed, 
and is put in series as the last. A cylinder of 18x12 ft, if 
charged with a mixture of 70 common salt and 30 rock-salt 
furnishes about 57 tons of saltcake; or 48 tons, if charged with 
common salt alone, which produces “ refined saltcake ” ; that is, 
in the formei case 53, in the latter 63 cub. ft, of space are required 
for 1 ton of saltcake. The transformation requires in the first 
case three weeks, in the second four weeks. To this must be 
added the time required for di.scharging and recharging, .so that 
the producing capacity per twenty-four hours of a set of ten 
cylinders of the above .size ( = 31,000 cub. ft.) may be taken 
equal to 23I tons of cojnmon saltcake ( 1 300 cub. ft. cylinder space 
per ton) or 15^ tons of refined saltcake (1980 cub. ft. per ton). 

If fresh burner-gasdirect from the pyrites-kilns were allowed 
to act upon fresh salt.s, the reaction would be so violent and the 
evolution of heat so great that the .salt would be fluxed. This 
is prevented by exposing the fre.sh salt merely to the last gases 
which contained very little SO^.; but here akso the temperature 
must te high enough to ensure the reaction being effected— 
that IS, above 400". This .soon produces a crust of sulphate 
on the salt,^hich becomes graduidly thicker in the preceding 
cylinders, so that in the firft cylinder the cakes are almost 
completely transformed into Na,SO,. Here, then, the fresh hot 
burner-gas is introduced, and by its great richness in.SO„ carries 
the transformation to completion ; and, owing to the presence of 
SOj in the burner- gas, even bisulphate would U formed if the 
prevailing temperature were not above tfic decomposing tempera- 
ture of t^e latter. 

• There is a rule thai the gasA leaving the apparatus should 
always retain a little SQ„ say 2 p«r\:ent. of, the total. If all the 
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SO2 is consumed, the oxygen always present in excess must react 
with the JdCl at the temperature in question, and must yield 
some free chlorine, which would strongly act upon the cylinders. 

]ksides*S0.2 the exit gases always contain a little SO.j. This 
is no matter of surprise ; for under favourable circumstances 
Na2S04 can be (Entirely converted into NaCl by HCl.^ This 
SO;^ is mentioned in Morrison’s analysis of. the exit gase.s. 

On the assumption of a lof^s of 2j3er cent. S in the exit gas 

the yield ought to be == 44^ 97 

saltcakc. Rut this yield is nowhere attained, and this proves that*^ 
a certain quantity of .sulphur is lost in the .s'napc of bisulphatc. 

1 he cotidensation of hydrochloric acid is, of course, made more 
difficult by the high temperature of the exit gases (which, how- 
ever, can be brought down by long strings of tubes), and by the 
dilution of the MCI gas with such a very large quantity of inert 
gases that they contain at most 15 per cent., frequently only 
10 per cent., of HCl by volume. The Hargreaves gases arc much 
poorer than those from blind roa.stcrs, and arc more nearly 
comparable to open-roaster gase.s. But they have this great 
advantage over both of these, that they are given off quite 
continuously, nearly always at the same cqnccntration ; and this 
is of such importance for the condensation that there is no 
difficulty in coming down to o-i gr. HG per cub. ft (0-23 g. 
per cubic metre) in the exit gases from the condensers. 

The following analy.scs of Hargreaves saltcake were supplied 
from a thoroughly trustworthy source : — 


I. From a French works, where rock-salt is used (1883). 


a* h c, I 


Na,,S04 

91-00 

93-00 

93*20 

^ NaCl . 

. j 0-05 

0-03 

‘ trace 

, H..S04 . 

X.. 062 

0-88 

0-37 

CaS04 . 

3 - 2 i‘ 

3-40 

2-99 

MgSCh . . 

I-4I 

1-42 

1*43 

• . ■ 

0-17 

0-14 

o-iS 

Yt,0, . ^ . . 

0-37 

o-i6 

0-25 

Insoluble iii HCl . 

0-91 

I -08 

M9 

HgO . . . 

2-10 

0-75 

0-30 


99-84 

99-86 

99^91 




■ 


‘ Hensgen, 1876, p. 1671. 
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2. From a Widnes works, where commou salt is used (1890). 



Ordititry 



decomposlDg 

Uargrci 


furnace. 


Na..S04 

■ 97-3 

98-2 

.so; . . 

1-3 

^ 0-6 

NaCl . , . 

0-4 

0*2 


(a is given for comj)aiison with d.) 


The following cos/ accoiiiit is given by Morrison ; but he 
says that it referred to the niost favourable condition* then 
obtaining (in 1881).^ He states the consumption of coal per 
ton of saltcake : 


I- or drying the salt . . i cwt. 

„ heating the cylinders . 3 ,, 

„ steam . . . A to i „ 

Total . . 4J to 5 ,, 


Lomas ^ states that in 1880 Hargreaves saltcake cost 32s,, 
that made from salt and sulphuric acid 36s. per ton. 

Saltcake Processes similar to the Hargreaves Process, 

A patent of bjutchinson’s (dated ist January 1876) pro- 
posed the production •of alkaline sulphates from their chlorides, 
by a process similar 10 Hargreaves and I^binson’s, 1 )ut 
dropping the chlorides as a spray into a spc\cc filled with 
the highly heated vapours. This was probably never tried 
practically. 

Another variation of Hargreaves’s process was patented by 
Storr* Best & Morris, on loth April 1877. The gas of the 
pyrites- bumpers is to be admitted^ into the lower portion of a 
coke-tower, in which a solution of pot^issium or sodium chloride 
runs down ; at the bottom a solution of sodium sulphate flows 
out ; at the top hydrochloric-acid gas leaves the tower. Similarly 
Pohl (B. P. 5031, of 1879) passes SOg and hot air info a solution 
of NaCl, in order to produce Na2S04. This m^>difici'ition of the 
direct process would not work in piSactice, as the reaction is 
quite incomplete without an oxygen carrier {cf. below). 

• 'Pedder (B. P. dgjizjoi 1891) proposed as an ifnprovement of 

* Manual of the Alkhlt Trade^ p. 155, 
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the Hargreaves process to mix hydrogen chloride vapour with 
the stearn, so as to promote the action of the salt in the cylinders, 
F'urthej:, in order to keep the salt more porous, a little sulphate 
was to be ihixed with it from the first, in the solid or liquid form, 
so that each lump of salt contains on its surface a certain 
quantity of sodiutn sulphate. 

The Chemische Fabrik Rhenania (Ger. P. 73611) renders 
the salt-blocks more porous ^d more easily decomposable by 
mixing with the salt combustible matter, such as coal-dust, peat, 
straw, or sawdust. 

The Sotic'te Daguin & Cie (Ger. P. 47990) proposes increas-^ 
ing the energy of the reaction between SOg, O, and NaCl, 
and lowering the temperature required for it, by adding an 
oxygen carrier in the shape of the chlorides or sulphates of iron, 
manganese, copper, or tin {cf the older patent of Hargreaves, 
Robinson & Hargreaves, p. 198, and that of J. Hargreaves, 
below]. If MnO. is employed, free Cl is obtained. It is possible 
to work with aqueous solution, a .solution of 250 kg. common 
salt, mixed with the equivalent quantity (370 kg.) of MnClg, to 
be treated at a boiling heat with 10 per cent. SO^ gas [which is 
never obtained b>' burning pyrites!] and air. "^The reaction 
may be represented as taking place in tw/) stages, MnCl, being 
re-formed in the second : , 

» I. 2NaCl + MnCl.,-f SO._, - 1-0 -flip = MnSO^ 4 - 2NaCl + 2HCI. 

2. MnS()/-^2NaCl-f2llCl - NaoSO, + MnCl2+ 2HCI. 

[Supposing thc.se reactions to occur, it seems hardly possible 
to separate the sodium sulphate in the anhydrous state without 
losing much of the manganous .salt, which also acts as an 
impurity in the .sulphate.] 

,I3assett and Baranoff (1^ P. 21447, of 1894) "produce the 
SO2 •intended for decomposing tlip NaCl as follows Calcium 
sulphate (natural or artificial) is mixed with carbon and heated 
in a retort the CO., given off is utilised later on. The calcium 
sulphide formed is moistened with water, and is then subjected, 
in an apparatus similar to that u.scd for making bleaching- 
powder, to the CO^ from the first reaction. The HgS evolved 
is burned to SO^ and utilised for decomposing NaQ. The 
residual calcium carbonate is ?oa.sted for'^the liberation of the 
COj it contains. 
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Reiss (Ger. P. appl. R 15277) adds to the sodium chloride 
intended for the Hargreaves process a sufficient quantity of 
sodium sulphate to prevent a duxing of the mass during the 
process {cf. Pedder’s B. P. of 1891). . * 

A. Clemm (Ger. P. 1 15250) aims at the same object 
by the addition to the common salt of 5 ti 10 per cent, of 
etc. .The saltcake thus* obtained can be used 
directly for glass-making,^ etc., jor else refined by disst)lving 
(Chapter VI.). 

J. Hargreaves (Fr. P. 384144. of 1907) promotes the reaction 
jDy the catalytic action of copper or iron salts, mixed with the 
common salt bcfore*moulding. Of these substances from o-i 
to 1*0 per cent, is used, according to the degree of purity 
required. The action of ferric oxide, and even more so of 
cupric oxide, as oxygen carriers in the Hargreaves process has 
been al.so pointed out by Krutwig and Dernoncourt.^ The best 
yields were obtained at a temperature of 500" C. {cf, the patents 
of Hargreaves, Robin.son & Hargreaves, p. 198, and of Daguin, 
p. 217). 

According to L. P. Bas.set (PY P. 477353, of 1914), sulphur 
dioxide may be caused to react with .sodium chloride when 
the latter salt is in tjie .state of vapour, or in the finely divided 
state produced by. condensation of the vapour. The sulphur 
dioxide may be mixopcl with an excess of dry air, in which ca.se 
sodium sulphate and chlorine will be produced, qr an excc.<vs of 
air and steam may be employed, in which case sodium .sulphate 
and hydrogen chloride will be obtained. 'I he sodium chloride 
is volatilised in a furnace surmounted by a dome, or connected 
with a chamber, in which the reaction between the volatilised 
chlonde and the sulphur dioxide can occur ; or the .sodium 
chloride may be volatilised in the^furnace in which the sulphur 
dioxide is produced. The pmce.ss may al.so be combined^ with 
the manufacture of cement from calcium sulphate, clay, and 
carbon, sodium chloride being mixed with the cement raw 
materials, and a bla.st of air introduced into the* rotary kiln 
about half way along its length. The Sal^werl* Heilbronn 
A.-G., and P. Brandenburg Heilbronn** (Ger. P, 295074, of 1915) 
propose, to spray fu.sed alkali chloride by means of sulphuric 
cftid, or a mixture ofvtulphuric acid with air or ’steam, or with 
* Rev, frans. ckim. Pays Bas^ xvi., 173 ; xvii., 349. 
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sulphur dioxide and steam. Decomposition occurs with the 
liberation^ of hydrochloric acid, and alkali sulphate is pre- 
cipitated as a fine powder. 


Statistics relating; to Saltcakc. 

% 

The following statistics (R. C. Wells, Mineral Resources of 
the U.S) show how the production 6f saltcakc in the United 


States is declining : — 

1917 1918 1919 

» Short tons. Short tons. Short tons. 

Sallcake*. . . . 183,909 141,054 134,685 

(Glauber’s sail . . 47,757 So, 715 42,087 

Nitre-cake . . . 3^7, ^>21 143, 155 83,402 


Applications of Sodium Sulphate. 

At one time most of the sulphate of soda manufactured 
was consumed as an intermediate product in alkali-making. 
Nowadays, little if any is used for this purpose. 

The glass-making indu.stry now consumes far more sodium 
sulphate than was formerly used for the Leblanc process. The 
purer article is used for plate-glass and white bottles, the crude 
article for sheet glass and green bottlesi Other applications 
arc : for making ultramarine ; for Glauber’s skit ; for impregnat- 
ing^seeds as a protection against rust for decomposing the 
calcium chloridp in the mother-liquors of saltpetre works ; for 
decomposing calcium acetate in making sodium acetate ; for 
manufacturing the hypochlorite, thiosulphate, and several other 
salts of sodium from the corresponding calcium salts. Eitner ^ 
states that calcined sodium sulphate is very good for prcscx'ving 
green hides. 

•The crystallised salt is employed in medicine, especially for 
veterinary purposes, and *in chermcal laboratories for freezing 
* mixtures. It finds application also in the dyeing industry. 

’ Wagner^s jahresber.., 1856, p. 189. - Ibid..^ 1880, p. 805. 
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CHAPTER VI 


MANUFACTURE OF PURE SODIUM SULPHATE AND 

(jlaupek’s salt 

Bv far the greatest quantity of sodium sulphate is used in an 
impure state as the anhydrous salt. The usual standard 
required of the commercial anhydrous salt is that it shall 
contain 95 per cent, of sodium sulphate, and in many cases 
there is no stipulation as to the nature of the remaining 5 per 
cent. Very often it is required that the iron content be low, 
e.g.^ for the manufacture of plate-gla.s.s. It is often possible to 
attain a sufficient degree of purity by careful choice of raw 
materials and by using lead pans for the decomposition, but 
when the sodium sulphate cannot be obtained sufficiently pure 
in this way, it must be purified. When pure sodium sulphate 
or Glauber’s salt is* to be made from the impure saltcake, this 
purification is always performed by dissolving, precipitating 
the impurities, .separating the liquor from the Dfccipitate, and 
obtaining the desired product from this solution. The details 
of the process vary considerably according to the scale on 
which it is carried out and on the degree of purity desired. A 
pure .product is necessary for the manufacture of plate-glass, 
for paper pulp works, and for pharmaceutical purposes. If it 
is to be used for pharmaceutic^, purposes it is particulifdy 
important to obtain a prodact free *from arsenic. For plarte- 
glass and paper making it is important to remove iron as 
completely as possible, since even traces of iron impart colour 
to the finished article. Crude saltcake usually contains o- 1 to 
0*3 per cent, of iron, but sometimes mgre. By refining, this can 
be reduced as low as 0-006 per cent. The French plate-glass 
m^nufafturers require a guarantee that the amqunt of iron in 
tfie saltcake does^ nofTexceed 0 01^ per cent. Fe and, for such 
purposes, saltcake is sometimes plirified on a large scale. 
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Manufacture of Pure Anhydrous Sodium Sulphate. 

The ( 51 der method for the manufacture of pure anhydrous 
sodiunf su^{Dhate was to prepare pure Glauber’s salt which was 
then dehydrated. The preparation of pure Glauber’s salt, which 
is the first stage this process, is described later in this chapter. 
From the pure Glauber’s salt, the anhydrous salt is prepared by 
drying. Glauber’s salt loses water vewy readily by efflorescence 
in a warm dry atmosphere, And on a small scale it is often 
prepared by heating on a.hot steam* plate. This method i.s, how- 
ever, 'not i^iitable for large .scale manufacture. Glauber’s salt 
contains, as water of crystallisation, nearly ^3 per cent, of water, 
and the desiccation of this, if attempted on a large scale, would 
be a difficult problem. There is, however, no need to isolate 
the Glauber’s salt, .since a .solution of sodium sulphate deposits 
the anhydrous salt if evaporated at any temperature above 
32-4'’. The plant u.sed varies considerably, mainly according 
to the degree of purity required in the finished product, but the 
process is practically the same in all cases. The crude saltcake 
is di.ssolved at a temperature of about 35'’, as the maximum 
solubility of the .salt is a little below this temperature. Small 
quantities of lime and bleaching powder are added and the 
mixture well stirred. When all the preefpitate has settled, the 
clear liquor is drawn off and evaporated.* As the evapora- 
tion proceeds, ^the crystals of anhydrous .salt are raked out and 
drained. The «(a.st of the water is expelled by heating these 
crystals. 

Where it is not ncce.ssary to obtain a product of the highest 
purity, the plant and procedure de.scribed by JaeckeP may be 
used. Water is heated by steam in iron tanks each about 
4A by 4 by 3 ft. and the saltcake placed in sieves suspended in 
the*se tanks. To each tjnlq containing about 8 cwt. of salt- 
calce in .solution, about 28 lb. of lirftc is added as a thick sludge, 
and the mixture thoroughly stirred. (It is usual to add also 
at this stage* a few pounds of bleaching powder.) After standing 
for four hoyrs, the clear liquor is drawn off from the brown 
mud by means of lead siphons. The mud is washed with hot 
water and the washings used to dissolve the next batch of 
saltcake. The* liquor is boileej down in ^ans 8 ft. long, 5^Q:. 

^ Dingl.po^t, /, 161 , 169 . 
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wide, and ij ft) deep. The sludge of small crystals formed as 
the evaporation proceeds is raked out and drained.. This is 
then dried in reverberatory furnaces where it cakes injo hard 
lumps which are ground to powder in a mill. The Evaporation 
and final drying are sometimes combined by evaporating in 
shallow pans, heated from above by l^he dirfet heat from the 
flame gases. The crystals are raked on to a shelf at the side 
of the pan where the fin^J drying occurs. 

With plant such as is (k-scribed above, it is inevitable that 
some iron scale and flue dust will get into the final product, 
%nd unless great care is exercised the product may*bc fiir from 
pure. When a verj^ pure product is desired, the saltcake is 
dissolved in lead-lined wooden vats, heated by open steam. 
The amount of lime and bleaching - powder necessary to 
precipitate completely all iron and other impurities is readily 
found by experiment If the solution is left slightly acid, the 
colour is better but the salt more readily takes up iron during 
the drying, and the final product is likely to be worse than if 
sufficient lime is added to make the .solution faintly alkaline. 

It is not easy to remove the last of the water from the 
purified sodium sulphate without introducing ash or iron. It 
has been proposed to t:entrifuge the crystals as they arc removed, 
and thus reduce the amount of drying. The usual process is to 
dry in a gas-fired reverberatory furnace of simple construction. 
Provided care is taken to use clean gas, an entirely satisfac 1 ;ory 
product is obtained, 

Hermann (B. P. 13983, of 1887) ^ describes the process out- 
lined above, evaporates in pans with mechanical agitation, and 
centrifuges the moist sulphate. The pan is so arranged that 
the smoke and flue gases cannot come in contact with the 
liquor. * 

Pechiney’s process for the preparation of anhydrous s^wlium 
sulphate has already been described (p. 193). This process is 
said to yield a product containing chloride. 

Pure Crystallised Glaubet^s SaL, 

The preparation of pure crystalline Glauber’s salt is con- 
^Merably easier thr^i the preparation of the ‘anhydrous salt 

. » « 

^ The apparatus is also described fn /. Soc. Chem. Ind.^ 1888, p. 674. 
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The crude saltcake is dissolved in water, heated by open steam, 
in lead-lined wooden vats. The amount of saltcake dissolved 
should J^e sufficient to yield a solution with a density of 1-14 to 
M5 at 30^• The flocculcnt brown precipitate produced by the 
addition of lime and bleaching-powder is allowed to settle and 
the clear liquor ^Irawn off by means of lead siphons. It is 
advi.sable to have a small lead steam pipe inside the lead siphon 
in order to clear it quickly should ,the .salt crystallise in the 
siphon. The sludge is wa.slied and the washings used to 
di.ssolve the next batch of saltcake. The clear liquor is then 
allowed to brystalli.sc by cooling in flat lead-lined tank.s. Th^ 
area and depth of these must be deterntined largely by the 
size of the crystals required and the mean temperature of 
the atmosphere. No Glauber’s salt will separate unless the 
tcm])craturc is below 30'’, and as heat is liberated in the 
crystalli.sation the crystals .separate very slowly in warm 
weather. If the .solution is left faintly acid, the crystals arc 
colourless even if a trace of iron be present, but the acidity 
must be kept very low or traces of lead will be found in the 
product. Iron vessels arc sometimes used for the crystalli.sation 
but arc not recommended as the product is often contaminated 
with iron, particularly if the solution is acid. It is usual to 
place a considerable number of wooden stri*j)s in the vessel, as 
otherwise the cry.stals build up into solid* ma.s.scs on the walls 
of tfie vessel. • ^ 

At one time considerable attention was directed to the 
conditions for obtaining Glauber’s salt in such crystalline forms 
that it could be used for adulterating other .salt.s. The three 
forms in which it could be obtained were known as “pnock 
Epsom salts,” “ imitation .soda,” and “ needle crystals.” The 
“sctfla” crystals are readily obtained by the slow Tmdisturbed 
cooling of a large volumvj of liq^iid in a deep vessel. The 
crystals obtained in this way re.semble washing-soda crystals. 
In order t(^ obtain crystals which could be sold as “best 
Scotch soda,” 12 parts of .soda-a.sh was added to 100 parts 
of salt-cake* aiuJ gave cry.stals closely resembling washing 
soda.^ 

If the crystallisation is disturbed, small needles are obtained. 
When these are required, the ftquid is kt^t slowly moving by 
• Chem. yVifWJ, 16 , 227. 
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a stirrer, and t|ie salt is obtained as needles which resemble 
Epsom salts and have been used for its adulteration. 

If the “needle crystals” are required, the crystallisation is 
conducted in shallow pans containing only about in* depth 
of liquid (about M4 density at 30”). Cooling mu.st be rapid, 
and there must be no disturbance of the jiquor€uring crystallisa- 
tion. These crystals are made only for pharmaceutical purposes 
as they arc more expensive to prepare than the other forms. 

In order to reduce the yo.st of the plant, iron vessels are 
often used as crystallisers, but the.se, before use and every time 
^ey stand empty, luust be scoured bright with a bfick or with 
pumice; and in spitoof this, rust spots upon the crystals adher- 
ing to the sides cannot u.sually be avoided. The rusting can be 
prevented by painting the well-scoured and dried surface with 
a double coat of iron minium (ferric oxide and clay) and boiled 
linseed oil, adding some drying-preparation. The paint must 
be renewed from time to time. 

The following process is employed at Stassfurt for making 
pure Glauber’s salt : — The mother-liquor adhering to the crude 
salt is removed by wa.shing with cold water. The salt is then 
rccrysLallised and is obtained in the three following shapes:— 

(1) In fine nccdlbs, formerly used for adulterating Epsom 

salts. • , 

(2) Evenly formed thicker needles or prisms for pharma- 

ceutical purpo.ses. ■» 

(3) Short, thick pri.sm.s, formerly used for adulterating soda 

crystals. 

Ttc third form represents the main bulk of the crystals. 

The crude salt is dis.solvcd in mother-liquor (which can be 
used a lon^ time without being* renewed), with addition of 
water and steam, until the .‘^jecific gravity, tested at 40®G..is 
I -25 5. The liquor is allowed to settle for an hour and is then 
run into wooden or lead-cased iron coolers, which must be at 
least 2 ft. deep, to form larger (l-in.) crystals. The crystallisa- 
tion is promoted by suspending smooth wooden laths or strips 
of lead in the coolers ; this is better than strings weighted with 
pieces otlead, from which the crystals easily detach themselves, 
afld by agitating the Ifyuor cause^the formation of fine needles. 
In wooden vessels* the crystallisa<fi6n lasts in winter five to ten 
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days, in summer ten to twenty days. After /running off the 
mother-liquor, the crystals arc detached with wooden slices and 
are thrown by means of wooden shovels on to the drainers, 
where they arc washed with water. If the crystals are to retain 
their brilliancy they must be dried below 35°. This may be 
done on shelves fdaced on a flue, and covered with metal plates, 
or the proper temperature may be obtained by the assistance of 
.steam-pipes. The cost of re^rystalftsing in the form of large 
hard crystals and drying is fron\ 15s. to 20s. per ton. For 
makmg 1000 kg., one requires in summer 1 1 50, in winter 1080 
kg. of crudl; salt. The packing in cask.s, lined with blue pape*^ 
costs 20s. per ton. (Pre-war costs.) ‘ 

P'or making salt in smaller crystals, the solution is saturated 
at 34" C. (i part Glauber’s salt to 3 of water), settled with 
addition of a little milk-of-lime, and cooled. If the crystals 
arc to be quite fine, the liejuor is now and then stirred up. 

Glauber's salt entirely free from iron is made from crude 
salt, according to Schmalz and Lowig (Ger. P. 23378), by 
treating it with concentrated hydrochloric acid. The temperature 
is greatly lowered and about half the sodium is precipitated as 
NaCl, the other half remaining in .solution as NallSO^. This 
.solution is added to a boiling .solution pf kieserite, saturated 
with NaCl, and is filtered hot over ground i»ock-.salt. Glauber’s 
salt, free from iron, crystalli.sc.s out on Pooling, and other salts, 
together with NaCl and MgSO^, remain in the solution, which 
is employed for making up the kieserite solution. This process, 
in which a large quantity of hydrochloric acid is lost, is evidently 
much too dear. 

Lowig & Co. (Ger. P. 25777), propose to remove the iron by 
electrical deposition, using the lead lining of the crystalliser 
a&one electrode and a sheeUof copper or iron as tlfe other. 
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ABSORrTION of- HYDROCHLORIC /CID 

' Necessity for Condensation — Injury lO Vegetation. 

In the infancy of the sulphate of soda industry, hydrochloric 
acid was regarded as a useless by-product and no attempt was 
made to absorb it. So long as the factories were small, the 
nuisance caused by the c.scaping acid was tolerated, but as the 
manufacture increased, municipal intervention became inevitable. 
It may be of interest to mention that when the Liverpool 
authorities compelled Muspratt’s works to close on account of 
the nuisance, works were started at Newton Heath, only to 
meet a similar fate. It was obvious to the manufacturers that 
some less crude method than shifting factories from place to 
place must be found ; yet it was many years before the problem 
was satisfactorily solved In the abstracts of early British 
patents, is the record of a patent taken out by M^*Edward Ford 
on 8th March 1839 which de.servcs to be remembered by a 
grateful posterity. His furnaces and factories were to be 
erected on a ship or flotilla, partly lined with lead, and moored 
on the high seas sufficiently far from the mainland to prevent 
injury to v^egetation. For this patent the full tax was paid ! 
The patentfhg of such a propo «1 may be regarded as rfin 
exaggerated cxpre.ssion of thcb despair with which the problam 
was regarded. 

The first attempt at a remedy was to build enoynously tall 
chimneys, even up to 500 ft., in order to dilute the acid gas 
with air and smoke, and to discharge at a high level This 
proved a complete failure, and in some cases made matters 
worse, an dense clouds of acid fog descended and laid waste 
vegetation for greu.ter distarfbes. 

The earliest recorded attempt^ fo absorb the gas by water 
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was made in 1827 at Walker-on-Tyne. Th^ gas was led 
through flues and chambers into which water was sprayed. 
Stone lowers packed with pebbles or broken glass were also 
tried, but w*ith very partial success. The first efficient scrubbers 
were the coke-condensers, which were patented in 1836 by 
Gossage, and whi^h arc ^till in common use. Strange to say, 
the absorption in stoneware bottles never appears to have 
found favour in England at any time although used for over 
a century on the Continent. 

Noxious Effect on Vegetation. — The investigations of the 
Belgian Commission of 1855 proved conclusively that the* 
dilution of hydrochloric acid with air or smoke is not sufficient 
to prevent noxious action on vegetation. The second part of 
their report treats of the influence of wind, barometric pressure, 
humidity and temperature of the air, topographical situation, 
configuration of the district, distance from the source of the gas, 
and other possible factors. An abstract of this report is given.^ 
The effect of the gas upon trees and hedges, especially upon 
their leaves, was investigated with great care. It was found that 
trees are attacked very unequally, and the following series was 
established, whose first member, the hornbeam, is most sensitive, 
whilst the last, the alder, is least sensitive |o the gas : — 


Hornbeam, 

Hazel, 

Stone-oak, 

Beech, 

Birch, 

White maple, 

F'ield -maple, 

Hawthorn, 

Spindle-tree {Enonynius % 
‘ curopiciis), 
p:im, 

Lindeiy 

Blackthorn (Sloe), 

Larch, 

Bramble, 

Ash, 

White poplar, 


Italian poplar. 

Aspen, ' 

Thuya, 

Vine, 

Plum-tree, 

Apple-tree, 

Pear-tree, 

Cherry-tree, 

Red-currant-bush, 

Rose-tree, 

Lilac, 

Elder, 

Raspberry-bush, 

Spear-tree (Spircea ulmaria), 
Hop, 

Alder, 

Grey aldti. 


‘ Dinglpolyt. J^ 168 , 375 - 42 /. 
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The first signl of attack is the appearance of spots on the 
leaves, and at a more advanced stage the leaves die off. As 
the buds are better protected, leaves usually appear the n«xt year. 
Finally, even the buds arc attacked and the tree then dies. 

Vegetables and crops suffer much less than trees and 
shrubs. Spots are frequently found on the feaves of potatoes, 
beans, clover, lucerne, cabbage, turnips, etc., but the plants 
appear to be little injured, patticularly in the case of root- 
crops. There is considerable divergence of opinion regarding 
the effect of acid fumes on corn, and the Belgian Commission 
4 bund no case of damage proved at distances of 150 yards or 
upwards from the sdurcc of pollution. The conflict of evidence 
on this point is probably connected with the fact mentioned by 
an Alkali Inspector,^ that complaints regarding atmo.spheric 
pollution arc mo.st frequent when crops arc bad everywhere. 

Alkali-works frequently receive more than their due .share 
of the blame for atmo.spheric pollution, and in particular are 
credited with damage done by sulphur dioxide. Dr Angus 
Smith found the amount of sulphur acids in the atmosphere 
to be as high as 2518 g. (calculated as SQ.^) per million cubic 
metres of air in Manchc.ster, as against 1760 g. in London and 
474 g. in a country .district. At the same time, it should be 
said that there b little doubt that hydrochloric acid is more 
deleterious in its cff&ct on vegetation than sulphuric fumgs. 

The injurious effect of acid fumes in the ai»',fe probably due 
mainly to the acids precipitated in solution by rain or dew, 
rather than to the gases diffused in the air. Damage is rarely 
observed in dry weather, and becomes quickly noticCfSble in 
damp or foggy weather. 

Radius of Noxious Effects. — This is naturally largely 
dependent •on the situation of •the works, the efficienc/ of 
condensation, and many othes factors.* The Belgian Comnrission 
place the minimum at 600 metres (656 yards) and the maximum 
at 3000 metres (3187 yards). Cnristel*^ states Ikat effect on 
vegetation could be proved up to 1000 metres from an alkali- 
works where efficient condensation ^ appliances IVere in use. 
By experiment; he found definite evidence of disturbance of 
vital fiyictions in plant organs when the air contained i part 
per thousand of hydrochloric ticid According to Dr Angus 
* Annual Report of Alkali Inspectors. ^ * Wagner* s Jakresber,^ 1874, 277, 
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Smith, if rain contains lo parts of acicj per million, 
vegetation entirely ceases. 

Further investigations on the effect of acid fumes on vegeta- 
tion will be found in the following: — Sonnenschein, Dingl. 
polyt. 1871, 200, 336; Hascnclever, C/ieni. hid., 1879, 225 
and 275 ; Hamburger, Soc. Chem. Ind., 1884, 4, 202 ; 
Tiventy-cighth Annual Report on Alkali JUorks, p. 19. 

Effect on Human Heal any 'investigations have been 
made on this subject. Pollution of the atmosphere with 
hydrochloric acid naturally interferes with the comfort of 
those livmf^r in the district, but there is no evidence 
injurious effect on health, except on hidividuals suffering 
from chronic diseases of the larynx. No injurious effect 
has been proved in the case of phthisical or a.sthmatic 
complaints. It is stated that the public health statistics of 
Widnes, one of the greatest centres of alkali manufacture in 
the world, are more satisfactor}' than those of any other large 
city. The Belgian Committee of 1855 found no evidence of 
injury to health by acid fumes. Reference .should be made 
to the report by Dr Ballard.^ There arc further references 
in: — Sixteenth Annual Report on Alkali Works, 1879, p. 7; 
Tiventy-ninth Annual Report on Alkali^ Works, 1893, P* 26; 
Juri.sch, Chem. hid., 1903 , pp. 158, 174, 211c 

Legisliitwn against Pollution of the Atmosphere, 

By 1846, Go.ssage’s coke-towers were universally employed 
in English works ; but, as generally constructed at that time, 
they 'iv^ere very inefficient; and in consequence of their 
unsuitable constiuction and that of the decomposing-pans, 
furnaces, and conducting-pipes, there were still enormous 
quantities of uncondcn.sed ixid vapours sent inVo the air. 
Before 1862, according ‘to an , estimate by Fletcher, ten 
factories in Lancashire alone poured forth weekly 255 tons 
of dry HCt and all the English factories together at least 
1000 ton.s. According to Dr A. Smith, the usual loss of HCl 
in saltcake-fnaking was then 16 per cent, on the average, 
but 40 per cent, in some cases. In Belgium the Commission 
of 1855, as can be calculated from their Report (pp. n.etse^i)^ 

‘ Eighth Annual Report of the \jocal Govtfmnent Board, Supplement, 
containing the “ Report of the MehlWil Officer” for 18/8, p. 206. 



I^PGISLATION AGAINST POLLUTION 


229 


found even greater losses, viz., in the four factories examined, 
43-2, 28*3, 56-5, and 44-4 per cent, of the HCl' yielded by the 
salt. In France Freycinet calculated, in 1866,^ that at that time 
one-half of the hydrochloric acid generated went into th*c air. 

It is not surprising that, under these circumstances, the 
complaints about nuisance were quite as gallat as at the time 
when no hydrochlpric acid at all was condensed ; for in the 
meantime alkali-works had injreased to such an extimt that 
the ab.solute quantity of li\ drochloric acid e.scaping uncc ndcnscd 
amounted to much more than that which escaped jn the 
Jbrmer period, \\Iien no condensation at all wa* attempted. 
The destruction of#thc vegetation round the alkali-works was 
only too evident, without any Commissions of inquiry, although, 
on the whole, the value of land round the works had incrca.sed 
(Twelfth and Thirteenth Reports, p. 15). It was impossible 
to ignore the nuisance caii.scd b)' the smell, and the worse one 
that iron objects of all kinds, locks, window-fittings, gutters, etc., 
could not be kept from ru.sting, that the tools of mechanics were 
at once blunted, and that even window-curtains were destroyed 
in a very short time. The public, thus afflicted, can hardly be 
blamed if they rai.scd the reproach, unju-stified as it was, that 
the alkali-works poisoned the air of the neighbourhood and 
caused diseases. , 

The mo.st potent incentive to preventing any waste of 
products in factories .seems always to be the fact that it ciTtails 
pecuniary loss. But experience has proven *in innumerable 
ca.'ses that it does not suffice for preventing sucli wmste : the 
convenience of many manufacturers, on the one hand, their 
employees’ insufficient knowledge, on the other hand, have been 
more than sufficient to counterbalance it. Even the inter- 
vention of(»the courts of law, the ^claims for damages, and other 
unpleasantnesses of all kind.s could cy liy in i.solatcd cases prevail 
to bring about a thorough cure. Unfortunately, a pecuniary 
motive for preventing the escape of hydrochloric acid did not 
exist ; at that time only a small portion of the hycftochloric acid 
generated in alkali-making could really be ‘brought into the 
trade as such, or used up in the factories them.selves for making 
bleach mg- powder, chlorate of potash, and bicarbonate ; of the 
remainder, all that did not go into the air had,’ after condensa- 
‘ Rap^jrt (Cu Jury InUrn^tional^ 1877, vii., p. 42. 
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tion, to be run into the nearest watercourse, where it killed all 
the fish and gave rise to fresh complaints. * 

It was inevitable that in the end, resource should be made 
to legislation to stop the nuisance. In Belgium, this was done 
in a seemingly thorough and scientific fashion ; but in practice it 
was found that lh;‘ legislation had failed in its object. Open 
roasters for calcining saltcakc were prohijbited and muffle 
furnaces made compulsory for this purpose. This did not 
stop the nuisance, because blind roas'ters (particularly at that 
time) were anything but trustworthy. 

In luiglajid, legislative interference with chemical industries^ 
has often proved di.sastrou.s, but the Alkali*. Act of 1863 is an 
outstanding exception to this rule. The Act neither specified 
nor prohibited any type of apparatus, but made it incumbent on 
the manufacturer to reduce the escape of hydrochloric acid into 
the atmosphere to under 5 per cent, of the total hydrochloric 
acid manufactured. It also established a compulsory registration 
of all factories manufacturing sodium .sulphate and provided for 
a periodical inspection. Additional Acts in 1874, 1881, and 1906 
extended the scope of the original Act so as to apply similar 
provisions to other processc.s. The Act of 1874 imposes the 
further condition that in a cubic foot of the gas escaping from 
the factory into the atmo.sphere not more than 0 2 grain of HCl 
may be present. This is the .same as 0'454 g. of HCl per 
cubic metre, or about three ten-millionths by volume. 

An historical .survey of the Alkali Acts up to 1892 is given 
by the Chief Inspector, Mr A. E. Fletcher.^ 

It i.s^.statcd that just prior to the passing of the first Alkali 
Act, about one-third of the hydrochloric acid generated went 
into the atmosphere. By the end of the first year the loss' was 
reduced to 128 per cent, in the .second to o-88, and in the third 
to 073. The amount condensed compared with that produced 
is given in the Annua/ Reports on 'Alkali Works as follows for 
recent years ; — 

Year. * 1912. 1918. 1914. 1916. 1916. 

Per cent, condensed , . . 9874 98-81 98-49 98-34 97-90 

Loss per cent. , 1-26 119 1-51 i-66 2-io 

These figures probably show the loss slightly lower than it 
actually is, though this* may ^not be the case. The Alkali 
Inspectors in carrying out *t^cir tests -aspirate a measured 
' /. Soc. Chitn, Jnd.^ 1892, 11, 120. 
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volume of gasVrom the pipe or flue leading the acid vapours 
from the fumacfc and determine the amount of chlorine present. 
In a similar manner, the chlorine in the exit gas 'from the 
condensers is determined and the amount which has Escaped 
condensation thus found. Various minor sources of loss are not 
measured, but probably these do not amount^in total to i per 

cent, of the whole. * 

• 

It has already been mentioned that the Alkali Act is almost 
a unique exception to the*»-iile tfiat legislative interference with 
chemical industry in Britain is disastrous. It is only justice to 
connect this with a tribute to the able manner iij which the 
Alkali Inspectors hjve done their work. 

Theory of the Condensation of Hydrochloric Acid. 

The condensation or absorption of hydrochloric acid is 
comparatively simple from a theoretical point of view, but an 
extraordinarily large number of papers have been written on 
the subject, and their authors have vigorously and repeatedly 
urged their particular views. Much of the controversy has 
arisen from different understandings of the end in view, and 
from different opinions as to the best method of attaining one 
or other of these ends in practice. One party have considered 
mainly the completeness of ab.sorption of the hydrochloric acid, 
whilst others were cojicerned mainly with the practical problem 
of how to obtain the strongest solution of the acid. Many of 
the earlier writers appear to have held such peculiar views that 
their papers have now little but an historical interest, and it is 
owing mainly to the investigations of F. Hurter, and the exposi- 
tion and criticism of Hurter’s papers by G. Lunge, that the subject 
is ndw generally clearly understood. Hurter and Lunge differed 
on many jjainor points of theory and detail, but their papers 
re.sulted in giving finally a clear picture of the whole subject 

The problem consists id devising the best method bt*(l) 
obtaining complete condensation of the hydrochloric acid ; (2) 
obtaining the highest possible concentration of thc^hydrochloric 
acid in solution ; and (3) effecting these objects with a simple 
plant which isjnexpensive in cost and upkeep. 

The problem is complicated by various factors, the most 
iinportant being variations in t^e concentration*of hydrochloric 
acid in the gas undtr treatment^ variation in temperature of 
the original gas, and the diflficufties which arise in construction 
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on account of the corrosive nature of both the^gas and liquid. 
An important factor, often overlooked by the earlier investigators, 
is the large evolution of heat which occurs when hydrochloric 
acid dfssolves in water. 

S^ubility of Hydrochloric Acid. 

The solubility of hydrochloric acid varies with temperature 
and pres.sure, but the variatio^ns do not conform to the simple 
laws which arc approximately accui;ate for most gases, 

IV^ost of our knowledge of the equilibrium between hydro- 
chloric acid solution, hydrochloric acid gas, and water vapour, is 
derived from the investigation of Roscoe and Dittmar.^ Their 
results arc so important for a clear understanding of the 
conditions for the absorption of hydrochloric acid that a 
close consideration of them is desirable. Ro.scoe and Dittmar 
give their actual experimental figures, and also tables obtained 
by graphic interpolation. The latter arc more convenient 
for present purposes, and reference may be made to the 
original paper by tho.se desiring the experimental figure.s. In 
some cases in the tables given below, further figures arc given. 
Thc.se have been obtained by calculation from the experimental 
data of Ro.scoe and Dittmar, except where it is explicitly .stated 
that the)' are derived from .some other .source; 

Variation of Solubility ivith Pressure *— solubility at 0® 
under various .partial pressures of h)'drochloric acid is shown in 
the following table. The pressures given are the partial pressure's 
in cms. of mercury. 


I’rt'Himn* 

niiH 

(Jraiiis IH’l 

I)*'r 1 K of 
Water 

of IlCI. 

J’n-saure 

CIIIH. 

(rrainB IK'l 
per 1 }-• of 
Water 

Perce 11 tap-e 
ofuei 

6 

o 4 )I 3 

38-0 

45 

0-772 

. 43-4 

. 8 

0.640 

39 .ot 

50 

0-782 

43.8 

10 

0.657 

39.6 

55 

0-791 

44-1 

' *J2 

0-670 

40.2 

‘ 60 

0-800 

44.4 

14 

0-681 

40-7 

65 

0.808 

44.6 

I 7 'S 

0-697 

41. 1 

70 

0-817 

44.9 

20 

/ 0-707 

41.4 

75 

0-824 

i 45-2 

22.5 

0-716 

41.7 

80 

0-831 

I 45*4 

25 

. 0-724 

42-0 1 

90 

0-844 

45-7 

27.5 

0-732 

.42.2 

100 

0-856 

46.0 

30 

0.738 

42.5 

i no 

0-869 

46-5 

35 

0-751 

42.8 

120 

0-882 

46.9 

40 


, 43-1 

130 

0.895 

47-2 


* /. Ckenn i860, 12, reS. 
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A glance at these figures, or at the curve below, renders 
it evident thatjthe simple law of Henry is not even approxi- 
mately true, but that, on the other hand, the amount of gas 
absorbed increases very little with increase oC pfcssure. 



Fig. 66. 

According to Henry’s law, increase in the parflal pressure 
from 12 to 120 cms. should increase the soleJ^ili^V ten times, 
yet the amounj of hydrochloric acid dissolved by i g. of 
water is increased only from 0*670 to 0 882. For comparison, 
th^ solubility curves for a gas ^vhich •obeys Henry’s law and 
also for ammonic . are 'Shown on^he graph. 
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Variation of Solubility with Temperature.-^lht table given 
below is also from Roscoe and Dittmar. The |< figures are not 
strictly comparable, since the partial pressures of HCl are 
different at every temperature. The solubilities were measured 
in each case at a total pressure of 760 mm., made up of 
the partial pres<(Ures of hydrochloric acid and water vapour. 
In the preceding section it was shown ^lat the solubility is 
influenced far less than is u.sual far gases by the pressure; 
con.sequently these figures give a* rough approximation to 
the values with a constant partial pressure of hydrochloric 
acid at various temperatures. 


Tump. 

•c 

nCl RraniB 
(lissolvtul by 

1 K. of Water. 

iVr cent. 

nci m 

Solution 

Temp. 

•c 

HCl grams 
dissolved by 

1 g. of Water. 

Tit cent. 

HCl in 
Solution. 

0 

0*825 

45*2 

48 

0-603 

37-6 

4 

0*804 

44*6 

52 

0*589 

37*0 

8 

0*783 

4.V9 

56 

0*575 

3t>*5 

12 

0*702 

43*2 

60 

0*561 

36*0 

16 

0*742 

42*6 




20 

0.721 

41.9 




24 

0-700 

41.2 




28 

0-682 

40*5 




32 

0*665 

39*9 

no 


20-24 

36 

0*649 

39’4 




40 

0-633 

38.8 


* 


44 

0*6 1 8 

38*2 


• 



Apart fronVthe measurements of partial pressures of solutions 
at 0" by Roscoe and Dittmar, a few measurements at 25° by 
Gahl ^ arc available. The best scries of measurements for our 
pfesSrt purpose arc those by Dolczalck at 30", which are given 
in the following table. The first and last columns arc calculated 
from Dolezalck's data, as they show up the gr^at practical 
infportance of these determinations. 

* A study of the figures on p. 23^ leads to conclusions which, in 
view of much that has been written on the absorption of HCl, 
are certainl5' of great interest. To take one example:— A gas 
which contams pnly i per cent, of HCl can theoretically yield 
a 27 per cent solution of hydrochloric acid, whilst a gas con- 
taining little over 2 per cent, of HCl can theoretically give a 
30 0 per cent* solution,, assurning in both cases that gas ajid 
* Z. physikAQjtenu^ 1900, 88, 178. 
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solution can be cooled to 30'’ and brought thoroughly into 
contact before tl|e liquid is removed. 


Tciblt calculdted from Data of Dolezcilek} showing P evcctitage of 
HCl in Solution at yf obtainable ivith Various Concentra- 
tions {Partial Pressures) of HCl Gas^ ^ 


i 

ft 



! IVt cent. IICl 

1 liy Volnmo In Gas 
i al 70<) mm. 

j Total I'mssun!. 

CorreapoiifUiif 
Partial Pmssnin. 
of HCl mm. 

• 

Grama of HCl 
per 100 g. Water. 

Percentage ul 

HCl obtainable 

In Idolutlon 




« 

0-031 

^•24 

20-1 

16-7 

0-049 

0-37 

22-5 

18.3 

0-068 

0-52 

24.8 

19*9 

0-091 

0-69 

26-8 

21-2 

0-09 ^ 

0.71 

27-1 

21-3 

0-J26 

0-96 

29-6 

22-8 

0-175 

1-33 

32-2 

24-4 

0-186 

I-41 

32-7 

24-6 

1 0-435 

3-34 

34-1 

25*4 

1 0-53 

4-10 

34-9 

25*9 

1-02 

7.75 

1 37-3 

27-2 

1-47 

11-20 

40-1 

28-6 

1 1-67 

12-74 

41-2 

29.2 

2-04 

15-5 

42-8 

30-0 

4-15 

305 

45-7 

31*4 

7-3 

45*5 

47-3 

32.1 

8-7 

66.0 

48.6 

32.7 

14-7 

.112 

51*8 

34*2 

17-6 

13^ 

53-0 

34*7 

22.4 

170 

54*8 

35*4 

24-8 

189 

55-7 

. 35*8 

36*4 

277 

58-2 

• 3 t ^*8 

41-2 1 

313 

59*1 

•37.2 

1 44-3 

1 1 

337 

59*9 

y /‘5 


’ Z. physik. Chem.y 1898, 20 , 334. 


In view the definite statements made as to the alleged 
impossibility of obtaining anytnin^ like these results m 
practice, it may be well to emphasise the fact that such results 
are possible, and in fact must be obtained, if (i) the gas and 
liquor are cooled to the temperature stated ; and ^[2) the gas 
and liquid are intimately mixed for a definite small period 
of time. 

The great importance of temperature may be demonstrated 
b» comparison of the equilibriuqi figures at "(from Roscoe 
and Dittmar’s da^a) a^id at 30° ^fia)m Dolezalek’s data). 
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The extraordinary influence of temperature is well shown 
by the fact that at o'" a solution containil g 37*5 per cent, 
of HCl is obtainable with a gas containing only 7 per cent, 
of I^Cl, Avhercas at 30" such a concentrated solution is only 
obtainable if the gas contains 45 per cent, by volume of 
hydrochloric aevi. 



Fig. 66 a. 


^ Heat Evolution during Condensation. 

From the figures showing the variation of solubility of 
hydrochloric acid with pressure and temperature, it Avill be seen 
that the variation from the laws for an ideal gas are very 
martvcd. These variations must* be clearly understood for an 
understanding of the condensation problem, but they require 
to be considered in conjunction with what is perhaps the most 
important fact^ir of all, the enormous heat evolution which 
occurs during condensation. 

It may be well to consider from the theoretical point of 
view the various factoi;s influencing the heat evolution dui^ng 
condensation, though the.s^ can not bQ dealt with separately 
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when the practical problem is considered. The principal heat 
factors arc : — ^ 

(a) Specific heat of steam. , 

(b) Specific heat of hydrochloric acid gas, 

(c) Heat of condensation of steam. 

(d) Heat of solution of hydrochloric idd. 

(e) Heat of dilution of hydrochloric acid so! ition. 

(0 heat j)f hydrochloric acid solution. 

The heat evolution which occurs during condensation is 
d\]^ to the sum of these effects. The relative impk)rtance of 
the individual factors* will be indicated by tnc following data. 

Specific Heat of Steam . — The following data arc available 
for the specific heat at constant pressure • — 


Temperature. Spocllic Ueat. Observer. 

ioo“ 0*421 Thiesen 

i 8 o° 0*51 „ 

100-125' 0*3787 Gray 

1 28-2 1 7*^ 0*4308 Regnault 

Specific Heat of Hydrochloric Acid Gas . — The following 
figures are for the specific heat at constant pressure: — 

Temperature. Specific Ueat. Observer. 

13-100'' • 0*1940 Strecker 

22-214'’* 0*1867 Regnault 


It will be noticed that the specific heat of steam is abcj^it 
two and a half times that of hydrochloric acid, *hd that, even 
apart from the large effect due to its high latent heat, the 
presence of steam will add greatly to the work of the con- 
densers. The high specific heat of steam suggests, a^Ttfffi, 
that the introduction of superheated steam into the furnace 
(Wigg, B. P.,5105, of 1879) would cause trouble in the condensa- 
tion process, and it is not surprising that this was not 'a 
success. • * 

Heat of Condensation of Steam . — The latent heat of evapora- 
tion of water is 534 calories per gram at 1 00'', and docs not 
vary much over the range of temperature witlj which we are 
concerned, as the actual condensation* will always take place 
in the neighbourhood of 100®. 

^eat of Solution and Dilution. — Th^ followirig figures are 
from LandoluBbrn^ein € Tabellen^^d show the heat evolution 
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when I gram-mol. of hydrochloric acid is dissolved in n eram- 
mols. of.water. i. ^ 


From these dajji Thomsen > shows that the thermal effect can 
be expressed by the equation 

(HCl (w+i) FTO) = . ,',980 + 5375 calories, 

where m is the number of gram-mols. of HCl. 

The extreme cases are of interest. For m = 0, and n =.4 
(HCl, 11.^0) = 5375 caloVies, 

which is the thermal effect due to the absorption of i gram-mol 
of HCl in I gram-mol. of H^O. 

When ;;/ = cc j 

(UClfA^) = 17,355 calories, 

HGin'wafeV""'""' absorption for a gram-mol. of 

It vvill be noticed that there is a very marked heat evolution 
hi" ide"'t ^ ‘‘volution when i g. of HCl is dissolved 

tbdrochloric Acid So\ution.~\x^ Miss Burke’s 
translation a ^Thomsen’s Thermochemistry, p. 16 1 the suecific 
heats for solutions of hydrochloric acid arc given as’follows^:- 

°-«55 432 Z , Z 

Tf H Cl "The g^am-mols. of water per grafli-mol. 

of HCl -The specific heat of a hydrochloric acid solution is 

Relative Influence of Various Factors on Thermal Effect in 
the Conden^sation of Hydrochloric Harf.-With the abo^^ data 
we are in a position to compare the relative importanefS 
he various heat changes which occur when hydrochloric Ld 

:dr::^‘:ter"^'* *g 

r 

' Tkermochtmische Untei;stKhungen,yo\ u\.,^^.xi^j^^^^ 
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Cooling I g. of steam from 500“ to 100" 

I o| water from gas to liquid 

„ I g. of HCl from 500° to 100* . 

Solution of I g. of HCI to give 30 per cent, solution 
Cooling of I g. solution from loo*" to 30 . 


about 200 calories 

» 530 »> 

»» 70 n 

„ ^400 • „ 

» 7S-100 „ 


It is more instructive to compare the heq^ changes which 
will occur wnth mixtures of acid and water approximating to 
those found in technical pfactice. 

When 142'' Iw. sulphuric acief is used with absolutely dry 
salt, 38 parts of water are evolved for each 100 parts of 
arj]jydrous HCl In practice the proportion of wafetr will be 
raised by moisture f^om the salt, and even more so, in the 
case of open roasters, by water formed during combustion. 
This may be taken then as the absolute minimum of water 
likely to be present. Taking as a unit quantity i g. of HCl, 
we will have with it 0-38 g. of water. The relative import- 
ance of the various heat factors will be seen from the following 
table : — 

Cooling 0-38 g. of steam from 500"" to lOo"' . 

M of water from gas to liquid . 

„ I g. of nci from 500" to 100" 

Solution of I g. of HCl to give 30 per cent, 
solution (assuming* extra water required to 

be added as colck water) 

Cooling of 3 g. of solurton from loo'' to 30' . 

Total heat change 


about 76 calories 
„ 200 „ 

>, 70 „ 


„ 400 „ 
,, _270 „ 
„ 1016 


With 126'" Tw. sulphuric acid and dry salt, each 100 parts 
of HCl would be accompanied by at least 55 parts of water. 
Making a moderate allowance for water from dampffes?^f 
the salt, combustion of fuel, etc., we may easily have 70 parts 
of water pqj- icx) of HCl. Assuming, then, that each gram 
of HCl has with it 070 g. of water, the heat change will be 
made up approximately as hfllows:— ' • 


Cooling 0-70 g. of steam from 500° to 100" . 

„ 070 g. of water from steam to liquid 

„ I g. of HCl from 500“ to 100“ 

Solution of I g. of HCl to give 30 p(y' cent, 
solution (assuming extra water to be added as 

cold water) 

• Cooling 3 g. of solution.from 100“ 30° *. 

• iotal beat cb^ge 


about 140 calories 
» * 370 M 
. 70 w 


» 400 „ 

»» 

» *250 „ 
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In the above analysis of the factors involved in the heat 
change which accompanies condensation, certa.'n simplifications 
and assumptions have been made in order to confine attention 
to the ma<n factors. The only omission which has a sufficiently 
large influence to affect appreciably deductions drawn from 
these data is effect of the heated air drawn with the 
vapours from the pan to the condenser. The amount of this 
air varies so largely betwce_n open and muffle furnaces, and 
even between furnaces of identical type, that it is difficult to 
give, even an approximate value to its effect. This factor 
must, however, be kept in mind when considering tht:se 
figures. It is never likely to be below- 25 per cent, of the 
total cooling required, and may with very dilute gases run 
up to over 90 per cent, of the total. 

Cooling Gas bejore Liquid Condenses. — In the two ca.scs, 
considered on p. 239, this represents 14 and 17 per cent, of 
the total heat change. As, how'cver, these gases will be 
mixed with at least an equal volume, and possibly even ten 
times their volume of air which must also be cooled, this is 
an underestimate of the work to be done in cooling the gases. 
According to the dilution of the hydrochloric acid, this may 
represent from 20 to 80 per cent of the total cooling work 
to be done. 

Condensing Jl'a/er Vapour. — The amount of water present 
obviously has a large effect on the heat evolution. In the 
two cases examined, the extra water introduced through 
using 71 per cent, sulphuric acid instead of 78 per cent, 
sujjuburic acid increases the cooling work to be done by 
25 per cent, (This ratio will be reduced and become, 
therefore, of somewhat less relative importance when much 
ai^ is present.) 

Heat of Solution. — In , normal practice, where a concentrated 
acid is desired, solution cannot be completed until the liquid is 
cooled to a low temperature. The amount of heat given out is 
so great tha't if no heat is withdrawn cold HCl passed into cold 
water will rcGch'the boiling point by the time sufficient HCl has 
dissolved to give a 20 per cent, solution. 
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The Cooling Problem. • 

I'rom a stutly of the partial pressure data, it is evident that 
It IS possible to obtain strong acid even with dilute gases if two 
conditions can be fill^dj namely : 

(^^) Sufficient cooling tj) remove not only the heat of the 
gases but the heat o^ solution ; and 
{b) Sufficient contact surface and time to aliow equilibrium 
• to be rcacned. • 

t 

The second problem will be treated in the next section, 
although practically it is impossible to separate its con- 
sideration from the problem of cooling. The old coke-tower, 
for example, might be excellent as a .scrubber, but its thick 
walls render it about the worst po.ssible arrangement for 
cooling purposes. 

If water-jacketed metallie coolers could be used the 
problem would be comparatively simple, but unfortunately this 
IS impossible. I'rovided, however, that no liquid is condensed 
cast-iron is practical!)- pnattacked, and the gas .should therefore 
be cooled to as near too" as possible, without allowing any 
conden-sation. In prSctice, this is best done by finding 
by trial the maximum length of iron flug, which can 
be inserted between the furnaces and the conden.sers. 
Particularly in the case of dilute gases is pre-cooling in 
iron pipes advantageous ; in some ca.ses about 8o par ceri. 
of the total cooling work may be done by the cast-iron 
pre-coder. In large installations a further cooling in 
porcelain oi* glass pipes should 'tcur before the conden.su-s 
or towers are reached. , 

A liquid is much easier to cool than a gas, and the rational 
method of cooling is to pass cold liquid down the tower against 
the p current, withdraw the liquid, cool it thoroughly, and 
use It for cooling more gas. A series of scrubbers with the 
liquid passing “counter-current” against the gas current, and 
thoroughly efficient, repeated cooling of the lipuid, appears 
th<> only rational alternative to tl*e old *way of making towers 
big eno;:gh.” » ' * • 

5 
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The Absorption Problem. 

i 

The chief factor for good absorption is the area of gas- 
liquid interface /v)ffered per unit volume of gas per unit of time. 
Hurter discussed in his various papers how to obtain the 
maximum contact-time efficiency, and considered the relative 
advantages of tower packirig, bubbling gas through liquid, 
and spraying the liquid througli gas. Hurter’s pioneering 
wort is discussed and criticised fully by Lunge (.see last 
edition of this book, Vol. ii., Part I.). and proved of glc;at 
practical value. Hurter’s papers will "be found in the /. 
Soc. Chew, hid., 1885, 639; 1887, 707; 1889, 861; 1893, 
227 and 989. For criticisms, see Lunge, ^ and in last edition 
of this book. Hurter concludes that the best form of con- 
densing apparatus is the coke-tower, and entirely condemns 
the spraying plan both in theory and practice. His main 
objection, that it is impossible to obtain the same surface or 
time of contact between gas and liquid as in bubbling gas 
through liquid, has been adversely criticised by Lunge, and 
is certainly of very doubtful validity. 

For some time after the.se papers ’oy Hurter and Lunge, 
little was published beyond recommendations of various 
sb^pes of tower packings. 

Meyer 2 iias a thoughtful discussion of the condensation 
problem. 

Partington and Parker^ in connection with the absorption 
6t nitrous fumes consider the theory of gas-absorption in packed 
towers, and take account of the fact that the dissolution of a gas 
in a liquid is not an instantaneous process. Donnan and Masson ^ 
discuss the general theory of gas-absorption in packed towers. 
For purpo.ses of simplicity in tht mathematical treatment, they 
have made several simplifying assumptions, such as constancy of 
temperatupe, which prevent the direct application of their results 
to the present, problem. Their initial survey of the problem 
shows in a quantitativo manner that high absorption efficiency 
depends on : — 

^ Z, angew. Chem., 1893, 328. 2 / angeiv. Chem,, 1913, 28 , 97. 

® / Soc. Chem. Ind, 1919, 75: * /. Soc. Chan. Ind., 1920, 89 , 236, 
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(a) High interfacial area between gas and liquid. 

(^) High rdative motion of gas and liquid. 

(c) High degree of turbulent motion in one or both phases. 

(d) Sufficient rate of flooding to secure a maximum drip 
effect 

Before proceeding tg a description of the plant, a synopsis of 
the views of various authori|ie.s may be given. 

Dr Angus Smith advociftod the strongest possible cooling of 
the gas before exposing it to Ihc condensing actMjn of the water. 

Dr Lunge advi' : “ Do not cool the gas too much at first, 
but allow it in the hot state to meet .so much water that this is 
mainly vapourised, and then expose the mixture to the utmost 
possible cooling on its further progre.s.s.” “ The be.st plan 
for uniting complete condensation with the production of 
the strongest acid seems to be a combination of receivers or 
cisterns and coke-towers or plate-towers.” 

Dr Ferdinand Hurter regarded the coke-tower as un- 
doubtedly the best form of condenser. A special advantage of 
the coke-tower is that it retains so much liquid that it renders 
harmless minor inequalities in working. 

T. Meyer (/o^. at.) advocates for a complete absorbing system 
the following (a) one*or two water-jacketed coolers without 
added Hquor inside, sim4)ly for cooling and to condense .sulphuric 
acid, etc. ; (/?) a stoneware fan giving the minimum draught wi(*h 
which the plant can be operated ; (r) a gas-iht^r filled with 
granulated acid-proof material; (d) a .series (or se\eral series 
in parallel) of water-cooled Ccllarius absorbers ; and finally (e) 
a small cylindrical .stoneware tower in which the ga.ses are 
scrub'iied by atomisers delivering spray. 

Modem practice in general fojlows the lines of Meyer’s 
scheme. The use of glass coolers and poled absorbers, followed 
by packed towers or smaller coke-toweis is steadily extenJin’g. 
In modern plants great attention is paid both in design and 
working to obtaining the minimum adequate draught. 


Progress of the Evolution of Gas and Temperatures. 

•The following statcm'onts on the progress of the evolution of 
HCl in the manufacture^ of saltcakft *and on the temperature of 
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the gases refer to some operations carried out at the Griesheim 
Chemical Works, under the management of Mr Stroof They 
are giyen here as typical for normal work, but they require for 
their proper appreciation a previous description of the apparatus 
employed. 

Some of tlA saltcake furnaces (set A) arc provided with 
stone cisterns for the pan-gases, others (set B) with stoneware 
receivers (Woulfe’s bottles). ^In se^ A the gases of two pans, 
working with a common roaster, frst pass singly into a stone 
cistern, then altogether through a set of stoneware pipes, through 
twelve stotie cisterns and into a stone tower loo ft. high. Xhe 
cisterns have a width of 6 X 6 ft. inside^- that is, a horizontal 
surface of 3-24 .sq. metres or altogether 38 88 .sq. metres. In set 
each pan is connected with a stone cistern ; then comes a large 
Woulfe’s bottle, from which .start two rows of such bottles, eleven 
in each row, connected by elbow-pipes 3 ft. 3 in. high (see 
below). The two .sets unite in another large jar, and the gases 
from two such double .sets again coalesce in a receiver connected 
with the stone tower. The two pans thus pos.ses.s forty-nine 
stoneware bottles, of a t(.)tal horizontal area (at the level of acid) 
= 21*56 .sq. metres. All the pans from six furnaces ultimately 
work into the .same .stone tower. — The ,roastcr-gas passes first 
through a ca.st-iron pi])e, then through stiiiic channels, and at 
last through stoneware pipes into a tc^wer, one tower serving 
foV three roasters. — The ob.servations of temperature and the 
composition of the gases (per cent, by volume) during some 
working periods .showed the following results : ^ - 


Set A. Condensation by Stone Cisterns. 

In four hours 14 cwt of rock-salt (98 per cent. NaCl) was 
charged, corrc.sponding to 416-3 kg. HCl = 254-5 cbm. at 0° and 
760 mm. The operation began at 2.30 P.M. 

* UnfortUQateb’ it is not stated at what stage the observations were made ; 
in the case of the pan-seta they were no doubt taken shortly before the gas 
entered the stoneware receivers ; in the case of the roaster sets, probably 
after cooling b^' the iron and stone conduits. This uncertainty can only 
influence the temperatures. 
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Pan set. 



Uoaster set. 




Volume 

Volume 



Volume 

Volume 

Time. 

Temp, 

per cent 
UCl. 

j)er cent. 
Oxygen. 

Time. 

Temp 

iM>r cent 
HCl • 

fl'r cent. 
Oxygen. 


Dejn ees 




Ik'grees. * 



2.30 

So 

8-4 

i8-6 

2.30. 

• 188 

1.0 

21-0 

2.45 

75 

I8.t 

16-8 

2-45 

18S 

1.0 

20.S 

3 

70 

2-8 

20-7 

•3-15 

188 

1.(1 

20. S 

3.15 

67 

1-8 

^•4 

188 

I-O 

20.8 

3-30 

70 

2(J-8 

14.2 

3-30 

i ‘)5 

2-0 

20.4 

3-45 

71 

21-2 

16-?) 

3-45 

198 

1-4 

20.6 

4 

70 

I5.S 

17*0 

' 4 

1 90 

1.4 

‘ 51-0 

4.15 

66 

16-4 

17-0 

, 4-15 

196 

0 . 4 * 

i 20-6 

4-30 

74 

23-S 

15-4 

1 4 30 

196 

0.8 

j 20.8 

4-45 1 

\ 

22-2 

1 : 

1 4-45 

194 

i I-O 

21-0 

5 

76 

2.() 

20*4 

1 5 

194 

1-4 

20.4 

5-15 1 

82 

8-2 

i8*8 1 

5-15 

193 

; I-O 

21.0 

5-30 

1 78 

4*4 

20*0 1 

5.30 

194 

i 1.6 

1 20.8 

5-45 

73 

11*4 

IH-O ! 

.v 45 

200 

I 1-4 

i 2 00 

() 

i 

4*6 

19.8 ! 

() 

198 

1.4 

J 20 0 

Cl 5 

72 

6-2 

19-4 1 

6.15 

197 

1 1.6 

1 20.6 

C30 

85 

7-6 

19-0 1 

<1.30 

195 

1-1 

1 20.6 

Average 

1 

L ■■■_ 

11-73 

1 iS -07 i 

Average 


j I. 2 () 

1 20.75 


We will now utilise these observations for making a calcula- 
tion of the composition and quantity of the gases passing 
through the apparatu:?. If we assume that of the 254-5 cbm. 
HCl (calculated at *0“)^ two-thirds have been given off in the 
pan and one-third in the roaster, we have for the pan : — 

169-7 cbm. HCl at o'' 

-216-3 „ „ 75" 

1586-2 „ air at 75“ 

1802-5 „ gases given off in four hours ; 

or, per' second, 0-015 cbm. HCl 

o-iio „ air 
» 

0-125 >» gases. 

In the ca.se of the roaster : — 

84-8 cbm. HCl at 0“ 

= 147*0 „ „ 200*' 

ijj^^ „ air at 200“ 

1 1667 „ gases in four hours ; 


and, per second, 


0-01 cbm. HCl 
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Set B. Woulfe's Bottles (one analysed). 

w 

In three and a half hours 14 cwt of rock-salt decomposed 
7 cwt pel pan. Observations made every quarter of an hour. 



rail %'t. 


Roautor sot. j 


VdluriK- 

Volume 


• Voluino 

Volume 


JlCT (-(‘III. 

I»( r cent 
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().\yg.-ii % 

* 

HCl 
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• 
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So 
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14.4 
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20-2 • 

97 

23-2 
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2.2 

20.2 

92 
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1().8 

1 250 

1.4 
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88 

O-o 

19.8 
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1‘4 
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82 

1-2 1 
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1*4 
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72 

8.8 ; 
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1 258 

2.4 

20-4 

70 

33-4 : 
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1 248 

1.8 

20.0 

9 (» 

55-1 1 

9.2 

'! 248 

1 2.() 

i 20.4 

76 

85.4 1 

2.8 

i 254 

2.0 

1 20.4 

79 

75-4 

5-0 1 

ii 258 

1 

20.4 

70 

6o.o 

8.0 

268 

i 4*0 

20.0 

79 

25*9 

14.S 

244 

3 .(. 

20.0 

79 

2(1.4 

1 5.9 

252 

4*4 

19.6 

8(j 

«. 5-4 

17.0 

:! ^-14 

L 

iy.8 

Avcr.igc 

1 ... 

14.0 

l, Avenge 

1' • 

2.04 
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If we divide the as before, between the pans and roaster, 
we* obtain for the pan : — 

109 7 d)in. HCl of 80' 

235-3 »> J^ir » 80' 

345-0 „ gases in all ^ 

r • • y 

or, per second, 0-0085 cbm. HCl y 

0- 0185 „ air^ ^ 

, gases. 

. For the roaster (served, . 

’*^vj 2-5 cbm. IHCI of 250 
* *''*^*^ 599 ^ » •'‘'i' 250' 

(>155-3 „ gases in all ; 


or.perse^rgi;-^. • 

o-on cbm. 

HCl 

-cl *’ 

^•. 4 L 5 » 

air 

:r 

jn6’ 

0-488 „ 

gases. 


In considering these fignres we must take into account that 
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in set A (stone cisterns) the united gases of both pans belonging 
to a furnace were analysed, but in set B (stoneware receivers) 
only the gases Irom one pan ; by means of the oxygen deter- 
mination the volume of air mixed with the HCl gag cofild be 
estimated. As there are always six charges made in twelve 
hours, the analyses show the progress of the operations. We 
perceive in the first jnstance that even at the same works, with 
identical (first class) management, very great differences occur 
in the composition of the*gnses.^ In set A, where both pans 
combine their gas in the fir^ cistern, the average is only 1173 
per cent HCl, agaiiv't 31-8 per cent in set B; evidently *in A 
the pan-doors had be^n more frequently opened, and there must 
have been more in-draught even with closed doors then in set B. 

The analyses show most clearly that directly after charging 
a large quantity of HCl is evolved, up to 85 per cent of the 
gases ; towards the end of the operation this diminishes to a 
few per cent It is most remarkable that in spite of the strong 
dilution of the pan-gas in the cistern-set A, the condensation in 
the troughs is much better than in the stoneware bottles B— 
that is, much more uncondensed HCl gets into the tower from 
the latter, although the cooling must be very good in the long 
pipes connecting the receivers (altogether about 300 ft. long), 
and although the thih walls of the bottles must conduct the 
heat away much ^be^ter than the stone cisterns. This is 
evidently caused by the fact that the total absorbing surfaqqof 
the cisterns is 38 8 sq. metres, against only 2 \^"sq. metres, 
of the bottles. The temperatures in both cases are about the 
same. This once more proves the great importance of extended 
surface contact. 

If IS striking how poor the muffle-gases were. They con- 
tained at q^st 4 per cent. HCl and went down to 04 per cent. 
Here also one of the furnaces yielded gas twice as rich as the 
other. 

Th. Meyer' states the percentage of saltcake-furnaces as 
follows : — • 

Furnace with two pans 298 to i-8, average 117% HCl by ifolm pan-gases. 

„ „ 2 0 „ 0*4, „ 1*3. „ muflEle-gases. 

Furnace with one pan 85*4 „ 1*2, „ 31*8 „ „ pan-gases. 

„ „ 4*4 „ 1-4, M 2-6 ^ mu ffle-gases/ 

» Fabril;ati<m von SulfaTuffd Sulzsaure, p. 35. 
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Apparatus for condensing Hydrochlori<i Acid, 

The task of condensing the hydrochloric acid is different, 
according to whether the whole or most of the acid is to be 
brought to saleable strength, or only sufficiently concentrated 
for own use, or iTierely lo- prevent the escape of any HCl into 
the air, without any regard to the strength of the condensed 
acid, the latter being partl)^ or entirely run to waste. The 
last case will hardly ever happen* now'; the first case is still 
exceptional in England, but pretty frequent on the Continent ; 
the second case, w'herc the condensed hydrochloric acid* is 
almost or quite all used up at the w^orks, is the most frequent 
one in the large centres of alkali-making. The condensing- 
applianccs must nece.ssarily be cho.sen differently, according to 
whether one or the other of the above cases has to be provided 
for; and this difference must begin wnth the choice of the 
apparatus for decomposing the salt itself 

If the task is that of bringing all conden.scd acid to 32° or 
36” Tw., none but blind roasters can be employed, and, in 
condensing, cither stonew'are receivers or cisterns must be 
added to the tow'ers, so that not only the pan-acid, but also 
the roaster-acid can be made .strong enough. If one-third of 
the acid corresponding to the yield of the foaster can be used 
up at the works, open roasters may be employed, if fired with 
coI:*e ; w'i'tlrp^L^per appliances they furnish acid of 22” to 26° Tw., 
w’hich is still suitable for chlorine-making. If the roaster-acid 
is not wanted at all, or only in the state of weak acid (for 
ii^tance^ (or bicarbonate), the open roasters may even be fired 
with coal; but then the condensers must be packed* very 
loosely with bricks, so as not to be stopped up by soot, and 
the condensed acid will oiTly show from 3” to b'" Tw. The 
coodensation of the two-fiiirds of acid escaping from the pan 
will of course take place exactly as in the first case. 

With oj3en driers, separate condensing- apparatus must 
alw'ays be provided for the pan and the furnace ; from the pan, 
equally .strong acid is ol^tained as by any other process ; from 
the furnace, even w'hen firing with coke, rarely' anything above 
22° to 24" T\v., frequently less than that ; and w'hilst the pan 
condensers may be in direct' communication with the air, of 

a . ’ • ' 
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course the roaster condenser, through which all the fire-gases 
pass as well, must be connected with a chimney. 

In the case of blind roasters it is an open question whether 
it is preferable to employ special pipes, condensers, etc., for 
pan and roaster, or not. Frequently both currents of gas arc 
united and sent into the same tower. Thj», however, does 
not seem to be thQ best plan. Thb pan-gas is much more 
concentrated than the muffle-gas^ as we have seen, pp 245 and 
247, since during the turmng over of the charge a good deal 
of air is carried through *the open working-doors into the 
muffle; and in any case tbe latter gives off much Jess gas in 
the same time and /or the same cubical space than the pan. 
Moreover, the pan-gas is much cooler and more easily con- 
densed For these reasons, the pan-gas is more easily dealt 
with than the roaster-ga.s, and it does not seem rational to 
mix them, instead of erecting .special condensing-apparatus 
for each ; — simple fireclay or gla.ss pipes and tightly packed 
conden.sers, open at the top, for the pans; and, on the other 
hand, longer and wider cooling-flues, partly of metal, partly 
of stone or fireclay pipes (preferable to brick flues), along 
with more widely packed condcn.sers, connected with the 
chimney, for the roasters. The latter is recommended because 
the roaster requires* a .stronger draught to prevent the gas 
from blowing out of fche working-doors. In ca.se of need the 
.same cokc-conden.ser can be used for both ga^,^after» the 
roaster-gas has been cooled down to the temperature of the 
pan-gas ; but even then one advantage is sacrificed which the 
separation of the ga.ses affords and which in some cases is very 
valuable, viz., collecting the purer pan-gas, nearly ffee from 
sulphuric acid, separately from the much less pure roaster-gas. 
We will cj^ .some special instanceji. 

At St Rollox the arrangement was found by E. Kopp,* as 
follows (the works of Messrs Tennant at Hebburn-on-T^ne 
possessed open roasters, and consequently a totally different 
condensing-plant) : — viz., the pan-gas travels throtigh a stone- 
ware pipe 15 in. wide, first 17 ft. upwards and^th^n, descending 
gradually to the condenser, a length of 125 ft. The gas of the 
roaster (the furnace is 1 5 ft. wide and 30 ft. long outside) travels 
tJ;irough a pipe of J2 in. diametei> the sanfc way as the 
pan-gas, and into, the ..same con(jQnser; but the two gases are 
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mixed only inside the latter. Each condenser is 6 ft. square by 
46 ft. high, apart from a foundation of 6 ft. and the house for 
water-cistcrns, etc. 

At* Mffssrs Chance’s, at Oldbury, the gases were likewise 
mixed in the condensers, of which there were always two 
combined, so tha^^ the gases ascend one and descend the other 
(this is not a good arrangement) ; at last they passed through 
a small chamber, which couljl be catered by a man in order 
to satisfy himself of the progress of •condensation. Each tower 
was 3^ ft. 3 in. square, and had a working height of 36 ft. Both 
those pLants (which have been probably altered since) would 
nowadays be called partly obsolete. i 

At one of the best-managed works in Widnes, the gases 
from plus-pressure furnaces were first conddeted into stoneware 
pipes, 150 ft. long, then into a series of stone cisterns, and at 
last into stone coke-towers, 7 x 7 x 50 ft. The gas of two pans 
and furnaces c^aubine in the last stone cistern before entering 
the coke-towers. For each two sets — that is, for four saltcake- 
furnaccs — there is a post-condenser of the same size ; but owing 
to the very careful coke-packing of the principal towers there is 
hardly any work for the post-condensers, the acid from which 
runs off only L'Tw. The same works possessed a Hargreaves 
plant, the gas from which was cooled by a*long set of stoneware 
pipes down to 38'' ; it was then taken through two coke-towers, 
7 X 5Q ft., one of which serves as post-condenser. 

At Chaun)^the gases from the Mactear furnaces (fired with 
coke) are treated as follows ; — They go first into an octagonal 
stone tower, serving for a first cooling and for catching the dust, 
then through wrought-iron pipes, and further on through stone- 
ware pipes, then into a stone cistern divided into two compart- 
ments by a partition, in whi^h they are made to pa^s from one 
compartment into another by a number of tall elbow-pipes, 
which effect a thorough cooling. Then comes the principal 
octagonal cokc-tower, made of stone-slabs : this is fed by the 
weak acid from a wooden post-condenser, pumped up by means 
of an ebonite ^pump and stored on the top by means of a number 
of stoneware bottles, connected so as to form a single reservoir. 
Even by means of this complicated arrangement the acid never 
exceeds aS^'TV., which ‘must be considered a maximum fpr 
Mactear furnaces. 
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The Griesheim condensing-plant has been described, p. 244, 

It seems more rational, if several dccornposing-furnaces are 
present, to restrict the number o^ condensing-towers by conduct- 
ing the gas of two or even more pans into one, and ihat of the 
corresponding roasters into another. Of course the condensers 
must be made larger, in proportion to tjie largjw volume of gas ; 
but in this way the •condensers are more evenly worked than if 
each pan has its own tov^er. the latter case, shi'*'tl) after 
charging the pan much ftiore acid vapour will rush into the 
tower than later on. Properly speaking, at the beginning much 
n^ore water ought t d be tun down the condenser .than after- 
wards ; but this is not practicable, on account of the great 
trouble it would give. If, however, the gases from two pans go 
into the same condenser, their charges will be so timed that, 
with hourly charges, the gas from one pan will always come 
half an hour after that from the other ; the principal evolution 
of gas in the first pan will be already over when it begins in the 
second, and so on. 'Phus there will be a much more uniform 
mixture of gases in the condenser. There will also be a 
considerable saving of condensing-spacc, as the condensing 
plant required will obviously be less if the maximum from one 
pan coincides with the minimum from the other. 

It is true that tpie above-mentioned interval of half an hour 
is not always easily arihered to ; for since the pan-men have to 
wait for the roaster-men getting their charge fin^eej, anc> the 
latter cannot always finish in time, disputes ireauently arise 
between them, and the men have to be carefully looked after 
in this respect. The proposal of Kopp, to group ^ur pans 
together, which would have to be charged at regular intervak*of 
fifteen minutes each, is altogether impracticable for the same 
reason. When the pans arc not charged hourly, but at lon|fer 
intervals, a regular rotation between^ them is much more easily 
carried out. 

Instead of two or more pans or close roasters a common 
conden.ser is occasionally met with for two or* more open 
roasters: in this case the evolution of gas is for .more regular, 
especially since^ the proportion of acid ‘vapour in the fire-gas is 
comparatively small. 

« In the case of stoneware receivers Aere are Always separate 
strings of bottles for each pan an^ ibr each roaster. 
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Cooling the. Gases. Conducting-pipes. 

Wc have already seen that, according to the almost universal 
opinion, the gases should be well cooled before they are intro- 
duced into the oi^'c-tovv;ers, receivers, and so forth. The more 
the gases are previously cooled, the le.ss work the condensers 
have to do, and condensation is al^ the more perfect. In a 
rational condensing - apparatus the gas must always pass 
through a channel where it can be cooled by the outer air; 
this is beiit done by pipes of different material, either J^y 
themselves or in connection with stone t(inks offering a large 
surface. In some places there are large brick chambers (not 
filled with coke) for the same purpose. The stoneware receivers, 
if employed in this way — that is, in connection with a coke- 
tower — also act very well indeed. 

The most suitable occasion for cooling by pipes is when the 
decomposing-furnaces are at some distance from the condensers ; 
sometimes they are purpo.sely laid out in this way up to 300 ft. 
away from the towers; or, if the space does not admit of a 
long horizontal conduit, the gas is sometimes first taken 
upwards, say 50 ft., and then downwards again, before entering 
the condenser.s. {Cf. later on.) ^ 

Some direct experiments on the cooling action of earthen- 
ui uesjn ^ described in the Third Report on the Alkali Act, 
p. 40. At Kurtz’s works, at St Helens, the pan- and furnace-gas 
together pass through a 12-in. pipe. Just behind the furnace 
the temperature was i/o'^C. ; 6 ft. 3 in. further on, 136^°; and 
7*ft. 3 in. further on, iio^'C. ; thus in a length of 13 ft. 6 in. 
it had been lowered by 60° C. — that is, 4 44° C. per foot of its 
course. Now the gas entered into a stone tank of^H. capacity 
of *200 cub. ft., and left it ^ith a temperature of 76*5° ; after a 
further passage through 18 ft. of 12-in. pipe its temperature was 
60'' C. ; the condensation in the coke-tower was perfect. It is 
true that the outer temperature during the experiment was 
only 6°C. ^ - 

At another works the* temperature of the gas after passing 
through 94 ft. of earthenware pipe sank from 162® to 75 C. ; 
and after the‘ first 40 * 11 . it had got down to 86-5°. In *a 
third w'orks, also perfectly *cpndensing dts HCl, the gas just 
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behind the pan showed 123'' to I4(/, and after passing through 
250 ft of piping, 34® to 41'' C. 

Very instructive are some observations on the cooling 
influence of different kinds of gas-flues contained in fclie fourth 
Report, p. 53. All three flues belonged to open roasters. The 
first was an undergnmnd brick JIut\ 160, ft. loi]«, of 1600 cub. ft. 
cooling- space. Temperature on Altering, about 360'’; on 
leaving, 300" C. — that i.s, a fooling of nearly 4'’ C. for e.'ch 10 ft 
length, or of loT.. for each j6i cub. ft. The second was an 
overhead brick flue 160 ft long and containing 1300 cyb. ft. 
cqf.)ling- space. TeniperatuVe on entering, 360' C. ; ^n leaving, 
88'’ C. ; cooling for each 10 ft length, or 10“ C. for each 

47v cub ft. The third consisted of cast-iron pipes, 2 ft. 3 in, 
wide and 130 ft. long, of a capacity of 518 cub. ft Temperature 
on entering, 360'’; on leaving, 138'' C; cooling about I7'T’C. 
for each 10 ft. length, or 10" ('. for each 23*2 cub. ft. In later 
Reports we find the following .statement for cast-iron pipes; — 
length of piping 1J4 ft., cooling from about 360° C. to I38"C. ; 
length of piping 105 ft., cooling from 470° (pyromctrical 
measurement) to 138'' C. Glass pipe.s, which can hardly 
compete with the materials ju.st mentioned, will be spoken 
of later on. 

A proposal for further cooling the gas, made by J. Mather, 
is communicated by Dr A. Smith, who himself was not very 
hopeful about it. Air is to be comprc.ssed, coolc<^^o^}(n teethe 
ordinary temperature, and introduced into the gas, which it is 
to cool on expanding. It is well known that the generation of 
cold by the expansion of previously compressed and pooled air 
is not at all a cheap process ; and in this case the condensation 
is certainly rendered as much more difficult by dilution with 
air as it Iv.i been aided by c()olinr?» A sketch of his apparatus 
is found in the Eleventh Report on tJy Alkali Act, p. 39. 

The conducting-pipes for the gas were formerly always rdadc 
of a tapering shape, one pipe projecting into another, with the 
cement stemmed in between them (see Fig. 67). *The^ amount 
of the tapering is such that pipes of 4 ft. 6 in 4 ength are 1 5 in. 
wide at one en;l and 18 in. at the otKer. Such pipes can only 
be made by hand, and are consequently dear. Many manu- 
teturers therefore chao.se the slyipe Fi^. 68, whicli is much more 
easily and cheaply niade. Thc^ joints are made good by the 
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above-described tar and china-clay cement. Linseed oil and 
red lead is also sometimes employed, but it is mjich dearer and 
not so suitable. 

As far ‘as the size of the pipes is concerned, a 15-in. pipe • 
will do for both pan- and roaster-gas of a blind roa.ster pro- 
ducing 40 tons <ycr wQck. Some fiiotories only make them 
1 2 in. wide ; but 1 5 in, is preferable, on acx:ount of taking the 
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gas away more quickly. A 21 -in. pipe is sufficient for the gas 
of two pans and two blind roasters. The single pipes are made 
as long as practicable, so as to have fewer joint.s. It need 
hardly be said that the pipes must be supported in such a way 
as to enable the joints to be made good all round, and that the 
sockets of the pipes should be at the highest point, if there is 
any fall. 



Fig. 68. 

i V 

'Thc usual material of the pipes conveying hydrochloric-acid 
vapbur is stoneware or fireclay. * It is not easy to get pipes 
resisting both the changes of temperature and the acid gases. 
This, however, is the maker’s fault ; for good pipes can be made 
without any special difficulty, if sufficient care be taken, as is 
proved at the Tyne Chemical Works at Gateshead-on-Tyne 
(formerly Messrs Allhusen & Sons), where their own pipes 
are made, and to when* neighbouring ^factories readily paijl 
twice the price asked by oi;d^nary pipe-^makers. Their pipes 



PIPES FOR CONDUCTING THE G ASES 


355 


were made of fireclay by hand, without glazing, and before 
using were boiled in tar for at least two days. Most other pipes 
are machine-pressed. They arc ahva)'s best left unglazcd and 
boiled in tar, because they then resist better both*aci^s and 
cracking than glazed pipes, which cannot be boiled in tar; but 
even the tar-boiled pipes, frequently craqk Ii\ 4 ^ancashirc pipes 
made of ordinary stoneware, “sanit^my pipes,” are sometimes 
employed. Excellent pipes arc t^osc made by Messrs Doulton, 
of Lambeth, of very caref&lly prepared stoneware. They are 
much thinner and longer than ordinary pipes and cool tl^e gas 
well ; they also last 5 long time. 

For some time ^iass pipes were in much favour in many 
Lancashire works; their introduction is due to Mr Alfred 
Fletcher. Owing to their thin walls, they cool the gas very well 
indeed, and do not easily crack, c.specially if protected from rain 
and snow by a shelter. They are always made a little tapering ; 
and the thinner end of one is put into the thicker end of 
another. They can only leak at the joints, if badly cemented, 
like all pipes ; but they are perfectly air-tight in their body ; 
whilst earthenware pipes frequently allow the gas to escape 
all over, or even liquid to ooze out The latter occurs with 
Lancashire stoneware pipes much more than with porous 
fireclay pipes boilifd in tar. Glass pipes arc as cheap as 
stoneware pipes. Thciir cooling action, in a string of 300 ft. 
length, was found to reduce the temperature iiom, ,i^5°0.*at 
one end to 57° C. at the other end, with an outer temperature 
of 7'. If a fine jet of water is allowed to enter at the hotter 
end, up to two-thirds of the acid condenses in tl^se pipes 
thenvsclves. They arc employed not only for pan-gas, but 
also for blind roasters, and, if properly supported, stand better 
than any jt'arthenware pipes. Rewently glass pipes have come 
more into favour, and many ^orks lyivc adopted modern forms 
of water-cooled glass condensers. 

The official Alkali Works Report for 1887, p. 50, states that 
in the fourth district remarkably good results w^re obtained, 
partly through the increasing introduction of .plus-pressure 
furnaces (see above, p. 119), partly by replacing the underground 
gas-flues by overhead sets of glass pipes. Lunge received a 
specially good accrunt*of the gl|iss pifes made *by Pilkingtons 
at Widnes, which are Jdinealed with particular care. The glass 
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tubes made by Moncrieff of Perth are very good for use as 
cooling pipes. , 

In^the Report for 1884, p. 86, a factory is mentioned which 
possesses for its ten saltcakc-furnaces (nine of which are Deacon’s 
plus-pressure furnaces) not less than 2170 ft. of upright glass 
cooling-pipes. The following temperatures of the gases have 
been ob.servcd there • 

On entering the jflals pipes J . 133” 

„ „ coke-towers . . 62° 

„ leaving the „ * . . 47“ 

In the *I^cport for 1885 (P- 57 ) following state- 

ment concerning a set of pipes 320 ft. long^ and 12 in. wide : — 

Temperature on entering tlie pipes . , . 105° 

„ „ the coke-towers . 64“ 

„ „ leaving the „ .51” 



Fig. 69. 


• The that glass really has an excellent cooling action 
can be ob^^erved at .several American works whose condensing- 
apparatus (certainly only for cylinder apparatus) consists 
cxclflsiv^ of glass receivers, holding about 12 gallons each, 
inserted into one another, as shown in Fig. 69, which act in 
reality as surface-condensers. The water contained in them is 
renewed from time to timciby a stream from abov- Such a 
slightly inclined set of abopt twenty receivers is connected with 
a Rlrgcr stone receiver from which a second row of glass receivers 
rises up in the same angle. This apparatus, although decidedly 
crude and c)nly adapted for very slow work, is said to furnish 
strong acid, (i.nd to allow nothing to escape ; but this is very 
doubtful. 

It is a very common practice to employ some of the pipes 
cut through lengthways; so that the upper half can be tak^n 
off ; of course, for use, the t\|^o halves are cemented together. 



PIPES AND FLUES FOR THE GASES 


257 


If one such pipe is put in about every tlircc yards, the cleaning 
of the series fropi the accumulating deposit is much facilitated. 

The whole series of pipes, both for pan and roaste/s, is 
always arranged in such a manner that it is first takcfi straight 
up to a sufficient height for getting afterwards a continuous fall, 
towards the first tank or receiver, or iu the aijsence of these 
towards the condenser itself This fs done to prevent the 
running back of any condejr^vd Jitid. 

Even with blind roasters^ as we have .seen, it is preferable to 
employ separate pip'^s for pan and roaster ; for open roasters 
this is absolutely necessary. With these the cmplo)'inent of 
earthenware pipes i. •timed iately behind the furnace is not 
advisable, owing to the great heat ; either brick flues or cast- 
iron pipes are preferred. 

Brick flues are sometimes carried underground, but those 
underground flues do not fulfil one of 
the principal functions of condensation, 
viz., good cooling. Better service is 
afforded, but only for the vertically 
ascending part of the gas-flue, by flues 
made of specially moulded firebricks, as 
shown in h'ig. 70. Th^ey arc .shaped to 
the sweep of the fluof and provided with 
feather and groove; if» very fine tar- 
and-pipeclay cement be put into the joints, the flue wJllJje vtfy 
tight and stand well without repairs. 

At the larger English works cast-iro?t pipes are very frequently 
employed for conveying the furnace-gas from open ^roasters. 
Of thqii cooling action we have treated on p. 253. They may be 
employed without any danger of being destroyed by acid .so 
long as th#* gases are hot ; and jwst their excellent cooling 
action is their greatest recommendation, l^ut as soon a.s^ the 
current of gas has cooled down .so far that liquid acid might be 
condensed, say to 100" or I20''C., the metal pipes must be 
discontinued, and the further conveyance of the gaS mq^t take 
place through earthenware pipes. With the assistance of metal 
pipes, stone ci.steyns may be employed even for opcn-roa.ster gas» 
which otherwise would crack them too easily. The^ actual length 
fot which metal pipes may be employed* without danger of too 
much cooling and suheequent corrosion depends entirely upon 

R 
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the style of work in the furnace. The more salt decomposed 
in a certain time, the longer will the current o^gas remain hot 
enough for metal pipes. U.sually 6o to loo ft. of metal piping 
form the -limit which must not be exceeded ; but occasionally 
the length may reach 300 ft. 

The metal j^cs are usually cast in lengths of 9 ft., and 2 ft. 
to 2 \ ft. wide; they nc(^ not be above i- in. thick. They are 
cither cast with a .socket atvi^c cr^l, into which the other end 
fits, or with .straight ends, over whi^h a loose ferrule is slid and 
cemented on both sides with tar and china-clay. If the pipes 
have to be cleaned out, the cement* is softened by heating, Jthe 
ferrules are .slid sideways, and the pi peas lifted by means of 
a winch, .so that both it.self and its neighbours become accessible 
inside. 

There is always .some deposit formed in the iron pipes; but 
the amount varies much : it is sometimes so great that they 
have to be cleaned out once a week, sometimes so little that 
cleaning them out once a year is sufficient. The following 
analy.ses (from the Alkali Act Reports) show that this deposit 
consi.sts of sulphate carried along by the gas, together with the 
products of the action of sulphuric acid upon the iron, this 
acid being precipitated in a liquid form long before the HCl : — 


tcrric oxide - . . ! 

19-866 

26-946 

( 6.400 

19.483 

27-407 

•Alutnin.i .... 

3.171 

4.614 

3-545 

3*905 

4-689 


0-371 

0.486 

2-110 

i- 3 « 3 : 

0.482 

Magnesia 

0.414 

0-298 

0-751 

0.708 

0-281 

Soda 

11-311 

2.808 

24.093 ; 

i 2.(*53 

6-003 

Silica . , . • ' 

(>.049 

3-309 

1 13-020 

3 - 2 <l 2 

4.166 

Sfllpluiric acid (SOj) 

53.212 

48.077 


34.286 

26-220 

• Chloriii^ . . . . ' 

2.141 

2.034 

0-092 

2.278 

20.4O9 


Flues made oj stofte flag,^ arc also employed foD roaster-gas ; 
tfie stone should not only be able to resist the acids, but also 
the ’changes of temperature. \l is a very good arrangement 
to give the flue a little rise towards the coke-tower, and to 
allow the acid of the latter to flow down the bottom of the flue ; 
this unites ^all the advantages of acid-tanks with thorough 
cooling. At the other -end of the flue the acid is got as strong 
as pan-acid, but, of course, less pure. The sketch. Fig, 71, will 
make this clearer. The upper arrows show the path of the gas, 
the lower arrows that of th^ liquid. 
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Circular flues, made of two scmicylindrically hollowed blocks 
of stone (Fig. 72), are used at some German wprks with great 
succe^ ; also troughs excavated in blocks of stone, with ston© 
lids (Fig. 73). 

If (from local causes) the condensers are con.siderably less 
than Kxj ft. a\\%' from^h.e turnace.s,»thc necessary length of 
pi])es for cooling is obtained in this wa)' : "they are first carried 
a little downwards .so as to piV’cnt t^mdensed acid from running 
back into the pan , then the)' .'ye carried upwards for, say, 
50 fu, and dow'n again, and ultimately into the condeiLser. In 
the lower dbow there must be a hydraulic h.le for the condensed 



Fig. . Fig, 73. 


acid, which is very impure This arrfingement is met wdth 
both fo#^i4j and loa.stei gas, w'ith earthenware, iron, stone, or 
brick flues. It is al.si» emplo\'ed for Newall and Bow'inan’s 
watcr-sj>ra\' procc.ss (^cf. nifra). On the largest scale this 
ipulTiplifii*t?'’n of cooling-surface is employed for the very |)c)t 
gas from Hargreaves’s saltcake process, where the pip(^ are 
not oil!)' carried a great length, but are also multiplied by 
admitting the gas into a Icfig trough, from which >^number of 
paniilel strings of pipes c*)nvey jt into another similar trough 
communicating w ith the conden.sers Even for ordinal*)' saltcake- 
gas such an^arrangement is met with here and there. 

Soiijctimes, but rarel)', the gas-pi jx.'.s have been placed in 
cold-water tfoiTghs ; in such a trough of 24 ft. length the gas 
was cooled from 25CT il, i8o“C This takes jpuch water, and 
cannot compete with air-cooling in cheapness. This plan is 
lurther developed in* Fryy’s condenser, to be described 
further on. 
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A very peculiar kind of preliminary cooling of hydrochloric- 
acid gases is ^practised by the Salzbergwcrk Ncu-Stassfurt 
(Ger. P. 55461). Here the gases are cooled from 20(^-300'’ 
down to ioo'’-i5o'' by passing them through a tower or Hue in 
which they arc brought into contact with heat-absorbing solid 
salts, not decomposable by hydrochloric aci^. j'his is best 
done by salts :ontJfining water of crystallisation which melt 
with absorption of much heat, suci! as the chl')rides of calcium, 
magnesium, or strontium. The liquefied .salt flows off through 
a hydraulic lute, protected against cooling, so that the salt, docs 
nq^ solidify there but oidy outside, whereupon it can be used 
over again. The cooling-apparatus must be kept hot enough not 
to condense any liquid hydrochloric acid, w'hich would run away 
with the above-mentioned chloride.s. The cooling apparatus 
employed at the Au.ssig works will be described later. 

Stoni . stems or Tanks. 

At fir.st the condensation of the hydrochloric acid gas was 
attempted entirely by means of cisterns filled with water, over 
wdiose surface the gas w^as conducted. In order completely to 
condense any quantity' of hydrochloric acid in this way, the 
water-surface should be very large indeed ; and this is all the 
more troublc.some as mi‘tal or wood ve.s.sels car..iOt be employed, 
and even brickwork set in pitch stands very badly : »so that 
ultimately only the veiy^ expensive stone cisterns remain 
available. This condensing-arrangement would be practically 
impossible for any large factory, not only on accoi^t of* the 
cost, but al.so of the large ground-.space required. Cistern 
condensers therefore went out of fa\our; and, in England 
especially,^Hre less employed than •they de.scrvc to be, if used 
in the proper way, viz., only as^suppl<j;nentary to coke- towers. 

Different systems may be employed for constructing stdne 
cisterns. In France and Germany they are ;ometimes hewn 
out of one large block. This for large sizes is *cnormously 
dear, and if the cisterns crack, it is often impossible to repair 
them. We shall therefore de.scribe only the two constructions 
usual in England, and n-presented in Fig.s. 74 to 77. 

^ In the first construction the edges ‘of the sides are bevel- 
jointed; they are boiuKl together •by cast-iron brackets and 
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tightened by india-rubber cord. Fig. 74 shows such a tank as 
viewed from above, after taking away the cover ; Fig. 75 is a 
side (^levatioii, Fig. 76 the bottom-stone, and Fig. 77 one of 
the four skle-stones as they have to be dressed by the mason ; 

7^. -"^ide elevation, and d a horizontal .section of a 

corner bracket. % In the bott()m-.stono a .shallow groove, i in. 
broad x J in. deep, is mjicle in the middle of the place intended 



V. 


for the side-stone.s, for receiving t*he india-rubber cord. As the 
stones are rarely sufficiently even, a band of 6 in. width is first 
dres.scd smoothly all round the stone, and the groove cut into 
this afferwards. The side-stones arc dressed quite smoothly 
below, and a-sihiilar groove is cut in. Their two lateral edges 
arc dres.scd as shown in the diagram ; but oi;ily the bevelled 
part, which Ivas to receive the groove for the joint, must be 
dres.scd smooth. The 'upper^ edge receives a recess for the 
cover. This itself does not vequire any dressing ; it may also 
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consist of two halves, while the bottom-stone must not. The 
cover is provided with a man-hole. When the bottom has been 
dressed and placed exactly level on its bed, an endless ring of 
I -in. solid india-rubber cord is put into the groovc,i to whose 
square shape it is, of course, easily fitted, and is fixed at the 
four corners by tacking down. In thes^ corneis afterwards, by 
cutting in, g-in. india-rubber cords areTixed, equal in length to 
the height of the sides ; they afteqprards serve for tightening the 
side-joints, and in the mearfwhile are held by strings from the 
top. The four side stones afe singly put into their places^ and 
fix^ed by wedges a little afxJve their final position, .so that they 
all incline outwards, against w'ooden props. They are then 
carefully put into their proper places, exactly plumbed, and 
the horizontal and vertical india-rubber cords drawn into their 
grooves, whereupon the wedges are drawn out 
and the weight of the stone is allowed to press 
upon the india-rubber. The sides still remain 
^ supported, till they have been bound by the 
brackets, and held together by i-in. round 
screw-bars. The binding is troublesome work, 
since every single piece has to be supported 
till the last bolt is in its place. Where the 
brackets touch the ^jtdhes, small recesses are cut 
in and strips of lead jjut between the stone and the cast-iron 
bracket, which equalise the pres.sure. ^ ^ •• 

Now the cover is put in, and the joint made good in its 
rece.ss by tar and china-clay ; if it consists of two halves, the 
joint is made in the .same way. The pressure of the sidts on 
the india-rubber cord is not sufficient to make the tanks acid- 
tight ; therefore two cro.s.s-bars (about 4 in. X i J in.) are put on 
the cover^t^hrough who.se ends pa.sg screw-bolts, which bend off 
at a right angle below the bottom-stone, and on .screwing the 
nuts down hold the cover, sides, and bottom tightly together. 
In Fig. 77 the places are visible where these four j^ierpendicular 
bolts are fixed, and in Fig. 79 one pair of the.se along with the 
cross-bar. - , 

In the second construction two opposite sides fit into grooves 
of the end-stc nes at right angles with them ; all four rest in 
grooves of the bo^om §tone. The binding only tikes place from 
one end to anothcr.by means of IcJpg bolts connecting the project- 
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ing parts of the end-stones ; and the joints are always made good 
by tar and china-clay cement caulked in. Fig. 79 shows a 
cistern of this kind in perspective, but preserving the proper 
dimensioi^i. Only, in order to show clearly the way in which 
the sides and ends arc feathered and grooved together, the 
upix^r recess, wljich must be made for the cover-stone, has been 
omitted. Pig. 80, a, slfhws the botjLom-stone from the top; 
Pig. 80, /», in .section. Pig. <'?, one of the sides, seen from 
within; Pig. 81, /;, the same in side elevation; P'ig. 81, r, top 
elevation; Fig 81, ^/, bottom elcfVation. The rcce.ss for the 
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coyoi is .sh(,wn in Fig. 81, A Fig. 82, a, is an elevation of one 
of the cfifls. and P'ig. 82, shows the end piece from below. 
In Fig. 81 arc seen the grooves for the sides and ends, 4| in. 
broad and i in. deep. In |hc middle of each is a V-'shaped 
groove (i in. side), which, together with a corresponding 
boUotn-groove of the side.^ and 4 -nds, forms a channel for the 
cement. The two outer parts of thc' ends, where no joint is 
neccssar)', a^c left rough at the bottom, and are perforated 
with two bolUholes each Besides, the ends have each a per- 
pcndicular groove, 4;' in,, wide and i in. deep, with a V-shaped 
recess in the centre, ju.st like that in the bottonP; the edges of 
the sides entet into thij groove. The sides thcm.selves only 
have a V-shaped recess all Vound th<^ two sides and the 
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bottom, since they enter into the grooves of the ends and the 
bottom. Both sides and ends have a recess for the top-stone on 
their upper edge. Tne thickness of the sides and ends in this 
case is about 4 in., so that the grooves are wide enough for 
caulking with some cement. 

If a cistern of this kind has to bq put ^3, the bottom is 
levelled, the sides aiKl ends are plaoccTa little above their final 



b kM' 

I N' 


Fic. 80. 



^ Fig. 81. • Fig. 82. 


positions and provi.sionally ’supported. Then the bottom 
grooves are completely filled with tar and china-clay cement, 
and the sides and ends let down into them ; of coarse a great 
deal of cement is .squeezed out, and is stemoaed inside and 
outside into the space left between the 'stones and the margins 
of the grooves. * First, however, two days are allowed to elapse 
for the cement t > harclen a Irttle. Fof the upright joints the 
process is somewhat different. cement is made into small 
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balls, which arc dropped into the lozenge-shaped groove, and 
rammed down with a hot iron, a good deal of cement getting 
squeezed out sideways ; this is continued till the* top is reached. 
Here also Jthe cement squeezed out is stemmed into the small 
joints remaining in the grooves. The four screw-bolts connect- 
ing the two cnck^arc p^Jt in and are tightened up as much as 
possible. In order to divide their pre.ssure all over the stone, 
they press upon an iron bar | in., or upon a piece of pitch- 
pinc 4 X 6 in. The cover may bJ simply bedded in cement 
in it;? recess; the cross-bars and* vertical screw-bolts are not 
required here, as the bottom-joint is'tjght without them. T^is, 
however, only holds good of the acid-cisterns, with which we 
arc occupied at pre.sent ; in the case of the chlorine-stills, 
otherwise built in exactly the same manner, it is safer to screw 
the top down, on account of the .steam -pre.ssure. 

The question now arises, which of the two systems just 
de.scribed is preferable. In the first .system a 
.somewhat smaller .stone surface is required for 
the same cubic contents, and the dressing of 
the stones takes less time, because the large 
grooves have not to be made ; the bevelled 
edges, certainly take a good deal of work. 
On the other hand, much rpore iron is required 
than in the second .syigtem, viz., eight screw- 
boils, i^^lead of lour for the sides, eight corner brackets, and 
the cross-bars and screw-bolts for the top.s. Once complete, 
these .systems last very long without an}^ repair; but if they ’ 
hav# to be taken to piccc.s, the india-rubber cord cannot be 
u?>cd again. With the .second .system more stone and labour 
for cutting arc required, but a little Ic.ss labour for putting *them 
up ; the .saving in ironwork, is very considerable ; a^d the tar 
and china-clay cement is^also much cheaper than the india- 
rubber. The joints arc not quite so much to be depended upon 
as in the first .system ; and stemming the joints is now and then 
nccc.s.sary. iiverything here dejx^nds upon the care and skill of 
the first builder; Lunge saw cisterns of this kind which after 
five years’ use did not sht>w any signs of leaking. 

The cisterns constructed on the second system are, as a rule, 
somewhat cheaper than those made qn the first The fii^ 
system is principally used Lancashire, the second on the 
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Tyne. It would appear that there ivS not much to choose between 
them, but the second (groove-johit) system is probably preferable. 

A combination of both constructions consists in employing 
grooved joints and tar and china-clay, but joined hy corner 



Fig 85. 


brackets and the same number of screw-bolts as m the bevel 
joint system. The sketch (Fig. 83) will make this cleaV. Thi 
style was selected in a special case from fear that the direct pu 
of the bolts Jpon the projecting ends might be too strong 
Ijpt later on the stills were built just in the matmer illustrate 
in Figs. 79 to 82, with grooved j<!iiits. 
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The bottoms of the largest hexagonal or octagonal stone 
towers cannot be made of a single stone. They are composed 
of segments, whose joints are made tight by india-rubber cord, 
as ciescribed on p. 263 ; on the outside the whole is braced 
together by a framew'ork of cast-iron cramps and screw-bolts, as 
shown in Fig. 8^. The grooves for the side-stones are shown 
in Fig. 85. The joints jtre* stemmed, wit Ir a high-melting tar- 
fircclay cement (p. 265). I^bottom-stones are thus composed 
of two halves (which is the case e\ 4 n w'ith acid cisterns), these 
are padc w'th overlapping rabbets, as shown in Fig. 85, and 
are joined by the hardest tar-fircclaj’ ^emeng or even better^by 
pouring in a mixture of melted brimstoae and sand. Cramps 
on the outside prevent the .stones from ])arting. In the ca.se of 
coke-towers each of the halves is dished for running off the acid. 

The //lickticss of the stof/es depends upon various circum- 
.stances, and in the first in.stance on the cjuality of the stone. 

In the North of luigland “Yorkshire flags,” from Malifax and 
SouthowTam, ar(' very much u.scd, consisting of a sandstone that • 
resists h(»t acids even without boiling in tar, wfliich, on account 
of its (len.se grain, would not do it much good. It splits very 
cvenl)', .so that flags of large siz.c and of any thickness can be 
obtained by the simple use of the wTdgc\ Of this stone much 
thinner slabs can be used than of more j^rous and less firm 
sandstones, (>f which thin plates are frequently as dear as or 
d(^irer.4Jian thick ones. A thickness of 6 in. for the bottom 
(12 in. for condensers), 4 in for the sides and ends, and 4 or 
even 3 in. for the tops wall do; frequently thicker stones are 
cmifloycd^ but w'ithoul any good rea.son. Although this stojie 
i.s’ not boiled in coal-tar, it is advi.sablc and costs very little to 
paint the tanks well with tar or, .still better, with varnish made 
from tar. • ^ 

In the T>’ne district al^^o a vej;\^ good siliceous sandstone is 
foiiftd, which is employed for acid-ci.sterns, condensers, and 
chlorinc-stilLs. Its den.ser varieties, such as the Heworth stone, 
do not rapiift^ boiling in tar. This .st(3ne docs not split in plates, 
and must be <’ut of the rough ; it is rarely employed below 
6 in., usually 7 in., for the sidc.s, and 10 to 12 in. (or the bottom. 

It is not so readily cracked by changes of temperature, and does 
not .scale off under the itifluence of hot a<cid, as Yorkshire stonip 
does in the course of time. Aw^imilar stone is^found in Germany, 
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near ITerdecke and Wetter in Westphalia, and at several other 
places. 

In PVance volvic lava, from Clermont-Ferrand, whiej^ has 
already been mentioned in Vol. 1 .. p. 645, is generally €mplo}’ed. 
It must be borne in mind that this material, from which large 
slabs, blocks, and whole cisterns can be jnade,^equcntl\' resists 
both very considerabte changes of temperature and tlv' stiongcst 
hot hydrochloric acid, but soiOctin^s samples occur which allow 
the acid to “ weep,” or whicn even crack. Care must therefore 
be taken in bu}'ing them. 

^G. E. Davis ^ quotes aga^y.ses of two kinds of York .shire flags, 
which seem to prov« that this is not altogether a siliceous 
sandstone. 



\ orksJiir*- Flags 






Him- 



1 

1! 

11 ricks. 

UrickH. 

Silica . 

86.‘;2 

80-50 

60-70 

62-40 

Alumina 

7.3b 

11-23 

24-00 

26-46 

Kerne oxide . 

1*54 

3 -bo 

14-60 

2*34 

' Lime . 

I -08 

0-6 1 

0-14 

0-14 

Majfuesia 

tiace 

0-12 

trace 


Man^Mnese prolux ulc 

trace 

trace 



Sulphur trioxide . • 

0-45 

0-77 



Carbon dioxide • 

o*6o 

0 i 



Water .... 

1-88 

2-64 



Ferrous sulphide . • 

0 

trace 



Alkalies .... 

i 


100 



Any open varieties of stone must be boiled in coal-tar, always 
after being dressed by the stone-mason ; for sand^one after 
boiliqg in tar is too hard to be cut. For this purpose an iron 
pan is u.scd, over which a travelling crane runs for putting in 
and liftii^ out the stone.s. The tar must be deprived of its 
most volatile constituents bj^ boilipg, but it should n^t be 
boiled down to a very thick consistence, becau.se the pitch fhus 
formed will not penetrate sufficiently into the stone. The stones 
(or the whole tanks if made in one piece) must lx? left, lying at 
least a week in the boiling hot tar. Even then the tar barely 
penetrates half an inch into the stone, but still imparts to it 
great resistance agaiast acids, as well as against changes of 
temperature, rendering, it as it were tbugher. 

• ‘ Qkem. Irade /.f ii., p. 376. 
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Better than ordinary boiled-down coal-tar is a varnish made 
by depriving tar of its most volatile oils and of^anthracene, and 
brin[;ing it to the desired degree of fluidity by mixing more 
or less ht'nvy oil with it. This article is largely sold in Germany 
as “ prepared tar.” 

Acid-proof artificially prepared, zvith inetatlic background 
have been [)alentcd by Kellner (Gcr. Rs. 5^974 68168). 

He first coated iron withV mixture of cement, aluminium 
silicate, and water-gla.ss ; later on hJ prescribed putting upon the 
above-mentioned coating a sheet *of lead, which is joined with 
those of the other slabs at the edgtVs.by rabbeting or burnij;ig ; 
upon this he again places the above mixture and presses sheets 
of glass into this. It is not likely that this composition will be 
introduced in the manufacture of hydrochloric acid. 

hngels and Nickel (Gcr. P. 67802) manufacture cisterns from 
acid-proof mixtures by embedding in the latter corrugated 
sheets of metal, which impart to the vessels the required 
strength, without coming into contact with the acid. 

K. de Hacn (Ger. P. 197074) manufactures acid-proof vessels 
by pressing tantalum hydride into moulds and heating the 
moulded pieces in a vacuum to a white heat, whereby metallic 
tantalum is formed. 

‘‘ Obsidianitc ” is the name given to au artificial acid-proof 
non-porous material, recently come into use in the place of 
V(^lvicjava, etc. According to ChevL Trade 1909, vol. 
xliv., p. loi, it is “vitreous .silica,” costing half as much as 
volvic stone, but lasting much longer, and having a much 
greeter breaking strain, viz., 3} tons per .sq. in. Sir F. Nathan 
Has built a Kessler plant entirely of this material at Wcjtham 
Abbey, in which also the acid lutes arc worked in the stone 
itself so that no porcelain <iutcs are needed. 

• ^ • 

% 

Woulfds Bottles {ytoneware receivers). 

The; conden.sation of hydrochloric acid in Woulfe’s bottles 
or receivers .(bOmbonnes, touries) is not always employed in 
England ; but in France, Germany, Austria, ^nd Belgium it 
is the most usual plan, partly with, partly without a small coke- 
tower at the end. Most good^factories have the latter as welL- 

These receivers are lar^ stoneware bottles, provided with 



WOULFE^S BOTTLE? 


271 


two large necks and one small one on the top, and with a short 
branch for a tag at the bottom, mostly also with side branches 
for mutual communication. It is very important that both in 
the manufacture of the receivers and in the previous icparation 



Fig. 87. 


of the clay the greatest care should be cxercieej^. 01 course 
the clay should be entirely free from lime ; it must, moreover, 
be well levigated lest any small pieces remain in it, which 
either in burning, or, ijf not then, cerfeinly afterwards in use 
give rise to cracky Even therf.^ot all varieties of clay are 
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adajjtcd for this use, but onl)' ^^ood fireproof kinds. In moulding 
and burning also the greatest care must be taken. On burning, 
the ^^eat, as with all real stoneware, must be increased up to 
the poin^ at which the mass frits and is semivitrified ; even 
without .an enamel it should not allow any liguid to pass 
thnjugh ; and course it shfuild Ikwc no cracks. Receivers 
which really fulfil all faV •i-cajuiremonts ^nd do not crack by 
( hanges of temj)eraturc can Nily be got from a few places. 

G(kj( 1 stoneware receivers, etc , are supplied in England by 



Fig, 88. 


Messrs Dcuilton of Lamberti, the Leeds Fireclay Cq of Leeds, 
and Jjy se\ cral other maki*rs. I^i France, they are obtainable 
from the Beauvais potteries. The shape usual in Germany is 
shown in Fig. S6, the English one in Fig. 87. Fig. 88 shows 
a later, h^nglish form made by Messrs Doulton. Decidedly 
the best shapc*from a constructional point of view is that made 
at Au.s.sig (Fig. 89, p. 276), The bottles are about 3 ft. 3 in. 
high; the bellied amtinental shape is in the centre from 
2 ft. 2 in. to 2 ft. 8 ift. wide, the cylindrical English shaoe 
about 2 ft. wide. They hoIdJrom 36 10*38 galls. 
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A new kind of moulding has been introiluccd at the Aussig 
Chemical works. The receivers, etc., arc moulded in plaster-uf- 
Paris shapes fro*m clay slabs cut off by a wire from a block, 
instead of on the potter’s wheel. They arc made so accurately 
and neatly that the best eye cannot discover the original joints, 
which on burning would become wider, of cour.set 

The two upper wide necks servQ for receiving th«’ siphon- 
shaped connecting-pipes, in which t)!c gas is carried in and out; 
they arc from 6 to 8 in. *w'ide. The middle neck, usually 
stoppered, serves for pouring in w^ater ; it is 2 in. wide, as is 
also the lower one, into which a stoneware cock of J to j in. 
bore is ground. The, latter is not required if side branches 
are present through which each bottle is connected with its 
neighbours ; only the last of them in that case needs a cock. 
There is no difficulty in grinding in the cocks so that they 
close perfectly tight ; but in consequence of bad work they 
frequently leak at the joint. It is not easy to mend matters 
^by cement, as there is no chance of stemming any in, as can 
be done in tanks made of stone flags. The acid can also be 
draw'll off without any cock by a siphon put into the upper 
neck. Such siphons are made of gutta-percha and last a long 
time, as faulty places can be easily mended by cutting a piece 
out and putting anotlier one in. Gutta-percha can be .soldered 
perfectly by means of a hot iron. 

The receivers arc always combined in .serie.s such a« have 
been figured on p. 77, in de.scribing the older .saltcahe-furnaces. 
Usually there are tw'o row's for each pan, and as many for each 
muffle. Two rows are employed, because the connecting-pi^es 
cannot easily be made w'ide enough to afford sufficient draught 
with a single one. They are made of the .same material as the 
bottles themselves, and a little nari'ower than the necks, but 
provided \fith 'a flange or a conicaljy widened-out end (Fig. 
86), lest they should go down too low. Often they are made 
pretty high, .say 3 ft., in order to cool the gas. The pipes are 
cemented into the bottle-necks with the same ccmerfl that plays 
such an important part in the condensation cf Jiydrochloric 
acid, and which has been frequently mentioned above. It is 
made by well Icneading-up thickened coal-tar with as much 
finely ground china-clay or pipeclay aS it will take up, and 
well beating the mixture, with wot^Jon mallets till it has become 

s 
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a perfectly homogeneous plastic mass, which is moulded into 
brick-like blocks, and can be kept for some time. It is called 
at the works “black stuff,” sometimes (in Lancashire) “barytes,” 
In largt^r (jiiantities (for instance, if a whole condensing-plant 
has to be built) thi^-- cement is made in the cheapest and best 
way by grinding up. the ingredieiits under edge-rollers, for 
instance in a cfialk-mih. <Bcfj)rc use it <ls moderately warmed 
up and stemmed into the 'joints by means of bits of iron. It 
gives very tight, acid-proof joints, ^and in time becomes harder 
when Iieated, of course not up to a red heat. Where it cannot 
be stemmed in, it must be used In a softer .state, but then it 
does not make such strong joints. 

A less resisting, but more elastic cement is obtained by 
melting up coal-tar with .some rosin, and kneading it with 
finel)' ground pipccla\' and .sand. Gf course asbestos-silicate 
cement c.'in also be employed 

SometiiiK's the receivers arc connected by hydraulic lutes, 
as will be shown later f>n (Fig. 89). In this ca.se the pipes are 
not so firmly fixed, but they can be very quickly put in and 
t<iken out if need b<- 

'I'he first receivers of each row are ahvays connected by a 
forked stoneware pipe with the gas-pipe of the pan or muffle, 
unless the gas first |)a.s.ses through a small^tow^cr in wdiich most 
of the siilfiluiric acid is condensed by^ injected water, and the 
IS so much cooled that the first receivers are much less 
subject to cracking. The last pipes go into a chimney, or 
(much better) into a coke-tower (.see below). 

« II each bottle is filled and emptied separately, the whole 
^crics stands on the .same level. The acid-gases are nearly 
deprived of th(‘ir hydrochloric acid and other con.stituents 
soluble in water in the fir^t few' bottles, and in these a strong 
acid is formed, .show ing gn w inter 34^^ to 36° Tw., in summer 
28^ to 30" Iw. — the latter partly becau.se acid of equal 
percentage ol HCl at a higher temperature occupies a larger 
volume, partly becau.se in warm weather it is not possible 
to make such a strong acid, owing to the decreasing solubility 
of HCd in water with increasing temperature. The later bottles 
of the series^ then serve for absorbing the sm'all quantities of 
HCl which Itavc escaped condensation in the first bottles, and 
only veiy weak acid is forgiki in thcry, yVhilst, therefore, the 
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first bottles can be daily emptied and refilled with water, and 
yet furnish strong acid, the later bottles not only have to stand 
much longer, but* they cannot wait til! their acid has got up to 
strength, since in that case much HCl would escape condensation. 
Their contents must therefore be regularly withdrawn in the state 
of weak acid and filled into the first bottles, in^*rder to get up 
to strength in these, 'whiUt fresh wntd* is put into the last 
bottles. / 

This process requires mdeh labour, and on '^'mptying and 
refilling the bottles the draught in the decomposing-pans and 
furnaces is very much intej-fftred with ; thus much acid vapour 
escapes from these and*from the open necks of the bottles. All 
the best factories therefore now work differently. Usually the 
bottles arc placed terrace-fashion on an inclined plane. Only 
the top bottle is fed with water, and acid is only withdrawn 
from the bottom bottle. The current of acid-gas travels in an 
opposite direction, first into the .strongest bottle, whose contents 
^ entirely saturates, then over acid Ic.ss and less concentrated, 
and ultimately over pure water. This is evidently a rational 
arrangement. Without any manual labour water is continuously 
run in at one end and strong acid is run out at the other. But 
if the acid has at once to be filled into carboys, the labour 
required for this has ^ te furni.shed. Some arrangement must 
in this case exist for the^ liquid to flow out of each bottle into 
the next lower one. But it is much better if ihe bottlq^i^are 
combined in such a way that the acid lying on the bottom of the 
higher bottle, being a little heavier and more concentrated than 
that at the top, runs into the next lower bottle. The way in 
which ^this is done will be shown very clearly later on, in* 
describing the Aussig apparatus. One of the two side openings 
(Fig. 89) is connected with a moulde^l-in stoneware pipe, which 
goes almost down to the bottom of tjie bottle, and causes the 
outflow always to begin from tliere. The connection between 
two bottles is made by short glass tubes, which are joined to 
the thickened edges of the side branches by str(jng elastic 
tubing: or the side branches are moulded so ^ to bend 
upwards, and are joined by small glass ^"^iphons reaching from 
one bottle to the' other. The simplest plan is to put into the 
side^ openings india rubber corks. throuehP which passes a short 
glass connecting-tubc; 
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It is sufficient to place each bcjttlc i in. below the preced- 
ing;;^ one, so that a whole scries rcc|uires only about 3 
fall. 

Somj'tiines, in 'irder tr> cool the ^ases better, the receivers 
are placed in a tarred woodcMi trough intc) which cold water runs 
at one end. «rhis, lva\i\er, is not. easily combined with the 
terrace arrangement ]tis| descrdjcd In this case it is still 





possible to run water upon them from thc^ outside, but at a 
ccMisulerable risk of erackiuj^ them. At all Events the bottles 
oti^ht tcA be pn>tected a}:;ainst the direct action of the sun^by a 
light roof. 


S/itt/>fs' of Sfoficuuifc RccciverSi^ 

• • • 

• \\ impf (Gcr. P. 58413) makes h\'drochloric acid receivers 
in two parts, as shown in Fig. 90. The lower part contains the 
acid ;^lhe nipper part is provided with a partition, a, between 
the two iK^clis I and #/, w hich comjx^ls the gas to come down 
close to the acid. 

1 curies^ with an internal cociling-pipe arc’ made by the 
Deutsche ton und iStcinzcugwcrkc,. Charlottenburg (Ger. P. 

1 Prv ■* 
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means of air, pass through the bottle in a slanting direction, so 
that draught is [produced without artificial means ; or else they 
may be attached to mechanical aspirating or draught appari^us. 

Walter & Lehmann (Ger. P. 88444) enlarge the sifrface of 
the liquid ir^thc receivers by placing porous earthenware 
cylinders inside them. • . 

The receivers cons^ruct«?d by R. Cetlarius (Ger. P icy)023, 
of 1899) pos.scss great advaiitages»^)ver the ordinary touries, 
and have been introduced in some of the best-managed 
factories. We describe them *liere in the first instance from 
comgiunications made by the inventor.' He fir.st discus.ses the 
drawbacks attached to the ordinary touries. Thc.se labour under 


a h 
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several disadvantages which prevent a complete absorptii;\a*^ 
the HCi gases by the water. The proportion of the surface to 
the volume of the water is very unfavourable, so that the heat 
libe’'ated by the absorbing process is dispersed too slowly. For 
the saipe reason outside cooling by water is not ver>' cflficicnt,* 
apart from the fact that the ordinary shape of these bottles 
makes it vcr>’ inconvenient to arrange them in cooling-boxes. 
As the liqifid acid formed proceeds tl^rough the set of bottles, 
the stronger acid ought to be forced forward by the weak acid ; 
but this process is not perfect, the weaker and stronger acids 
getting constantly mixed. Experiments have proved that ten 
volumes of w'ater arc required to force one volwnp of acid of 
32® Tw. out of a bottle. , 

All these drawback.'? are avoided by the Cellarius receivers, 
which are made in two different forms. The first of the.se 
‘ angtw. Chem.y J04 it seq. 


278 


ABSORPTION OF HYDROCHLORIC ACID 


consists of two horizontal semi-cylinders, connected with each 
other concentrically. The longitudinal connection forms the 
bottom of the receivers. These arc made in two shapes. The 
first of >liese is shown in Fig. 91 ; it is employed in those cases 


where there is no arrangement for cooling by wa^er, and where 
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Here the necks a and d are placed on the same side of the 
receiver. On the inner arch a projection, c, is formed which 
reaches three-fourths of its length. The ordinary gas-necks, d 
and / are placed on the outer arch.* 

The Cellarius receivers have the following advantages over 
the ordinary ^VoHlfc^s bottles : . • 

1. The proportion between theisurface and th^- volume of 
the liquid is several times more favourable. 

2. The second shape (Wg. 92) is easily mounted in water- 
cooling boxes. The necks fof the acid arc made tight by india- 
rubber washers, and the rc^cCiver is placed in water up to the gas 
necks. Thus not mei^ly is the acid cooled in a thin layer, but 
the gas is also compelled to travel along water-cooled surfaces. 

3. By placing the necks for the liquid at the bottom, on both 
sides of the inner arch, the stronger acid is forced over to the 
*.ext receiver, without getting mixed with the thin acid. Thus 
acid of 32' Tw. is completely forced over by only ij times its 

.volume of water. 

4. Each particle of liquid must travel twice the length of the 
receiver, and up and down the same, before it can get out. 
The weaker acid rises above the inner arch and lies on the 
top of the .st^'cnger acid, without mixing. 

5. The ne«;ks foi;tfie liquid and the connecting-tubes being 
alw^ays immer^^^ in v^iter, no air-bubbles arc formed, which 
very frequentlyWkusc unbearable trouble w*th the o;;vLLi>ary 
receivers. 

6. On the surface of the liquid within any kind of receivers 
th^rc is always a floating skin formed, more or less according 
to thp quality of the salt, of the sulphuric acid employed (wasfe 
acids), of the grea.se and the cement. This skin consists cs.scn- 
tially of resinous substances, mixed with finely divided caibon, 
and of tefr. Generally it does not njaterially interfere with the 
absorption, but it becomes troublesome after some time^and 
when using inferior raw' materials. The skin must then be 
removed, which in the case of ordinary bottles involves stopping 
the proces.s. But with Cellarius receivers it can be done at any 

1 Th. Meyej claims in Z. angew. Chent.^ 1908, p. 1069, that it was himself 
who suggested this construction. He states that the ga^-coolers, shown 
«vFig. 92, were devised by Dr Ucbel, and that all thb apparatus was first 
made by the firm of K^OetJer, at Ofieilh|ch,* 
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time fluring the process. For this purpose, when mounting the 
set, a T'Pi^'ce of glass is put in the connecting-pipe between 
each two rcceivcr.s, the upright branch of which is as high as 
the receiy.‘r (I'ig. 92). By .simply turning this piece down, 
the two half-receivers in connection with it can be emptied at 
any time duri’^ the .process, and -washed out if necessary. 
The.sc X-picccs also shtfa |lhe level ,of the acid at any time 
during the work. \ 

7. The Ccllarius receivers .staild changes of temperature 
much better tlian the ordinary bottles, probably on account of 
the double arch by which diffcrence.s'o^ tension are equalised.^ 

8. Their .shape allows these receivers to be packed in a 
comparatively small space in railwa)' tanks, ships, etc. 

'rhe results obtained with the Ccllarius receivers in actual 
practice far surpa.ss anything jireviously attained in the manu- 
facture of muriatic acid. For each ton of common .salt deconir 
posed in twenty-seven hours twenty vc.s.sels arc required, but 
when followed by a Lungc-Rohrmaiin plate-column, that number , 
of receivers suffices for 1 J tons of salt. In three years’ w'ork 
Ccllarius (ibtained an average of 190 to 194 parts “technicar’ 
muriatic acid of 32' Tw. from 100 parts of .salt, calculated as 
100 jjcr cent, with a set of receivers without water-cooling, and 
with Midi strong draught that no gas blew put w'hen the doors 
of the pot and of the nuifflc-calciner weye opened at the same 
tii iw fcii^ 1 he "lechnical” muriatic acid contains 0-8 per cent, 
.sulphuiic acid, leaving a yield of 183 per cent, real HCl to 
100 NaTP 

^ his s\'siem is also u.sed/o;- roo/iu^ in the manufacture 
of hydrochloric, nitric, or sulphurous acid, etc, for wdnch purpose 
the vessels are used in an inverted position ; the tw'o gas-necks, 
arc placed diamctncaily*al opposite ends, so that the gases 
nuist^pass upwards betwccyi the ^water-cooled arches'^under a 
certain prc.ssurc. and the condensed liquid runs away at /, as 
shown in Fig. 93. 

Th. Mcytr reports {loc. at.) that the Ccllarius system has 
been very successfully employed in the Ochlcr-Meyer bisulphate 
process {sN/>ra, p. 184), in juth .shai>cs just described. The gases 
arc first cooled by an empty vessel of the shape shown in Fig. 93 ; 
they then pass*a gas-filt!?r, of the kind to be de.scribed later on’ 

‘ C /. ;d^o /. Cficm , 104. 
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by which nearly all arsenic, iron, selenium, and sulphuric acid 
IS retained. They go next into a preliminary set of receivers 
placed in hot water, st that the gases may enter with a tempera ’ 
ture of 150° to i8o°C., and then into the proper edndensing- 
receivers, onjy half of which need be cooled by water, as the 
temperature even in front never exceeds 80 'Jj. Four’ Ochicr 
furnaces arc combihed • I * 

with altogether 72 re- 
ceivers, of which 48 are 
water-cooled. At the 
en^ there is an ordinary • 
tower, filled with cifj^s 
or any other materials, 
but this tower has ver}' 
little work to do. 

’ If Ccllarius receivers 
are fitted with such an 
• amount of water-cooling that their temperature docs not ex- 
ceed 15“ C , pot gases can be condensed to an acid of 40° Tw. 
— 38 per cent. HCl, which is quite irnpo.ssible in ordinary 
condensing plants, though such acid is required, for instance, 
for the manufacture of.anilinc hydrochloride. 



Special Arrangements for Receivers 

The following arrangement permits of working with ordinary 
Wijulfe’s bottles without side-branche.s, and yet of aiitainin^ \o 
a gri^at extent the advantage of .systematic condensation and 
saving of labour : — There are two rows of bottle.s, as usual. 
The gas,^howevcr, only travels thnffigh one of them,’ A, in one 
direction, and returns to th^ othe^, B. Next day the .pipe- 
connections are changed, and the gas is first admitted into B, 
t,e., into that bottle which on the preceding day had been the 
last of all, and it then returns through the scries A, which has 
now been filled with fresh water. This change k made every 
day. All the lx>ttles of one series aroJ filled and emptied at a 
time. They have each a neck at the bottom ; ovqr this a gutta- 
percha tu^ is put, which joins a main *pipe running along the 
whole series ; the latter lies in ^•wooden shoot, to prevent its 
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sagging by heat, and its projecting end is ordinarily bent 
upwards. Thus all the bottles are connected with each other 
and vvth the main pipe. At the end of the shift, that series of 
bottles wHkh has had the gas twice and consequently contains 
strong acid, is emptied by bending downwards the projecting 
end of the maifi*yipe. -'I hen the lattor is bent upwards again, 
and now, if water is run Tntf) any one.of th*e bottles, all of them 
are getting filled at the samc\ime. 

For condensing the pan-gas not quite .so many receivers are 
needttd as for the muffle-gas, be(fause the former is richer in 
HCl and comparatively cool and mofsU From 35 to 50 bottjes 
suffice for an ordinary small pan, decomposing daily from a ton 
to 30 cwt. of salt. The much more dilute, hotter, and drier 
furnace-gases are more difficult to condense, and there ought to 
be ;o or 80 bottles for each muffle; and even then the gas 
cannot be conden.sed very well by these alone, nor can wevf 
strong acid be obtained from it. Sometimc.s, on the contrary, 
a larger number (»f receivers are cm]>loyed for the pan than for 
the muffle. In order to fix the last portions of the acid, which arc 
not retained by water alone in rccei\ers, Kuhlmann employed 
milk-oj-hme, poured over coke in a .special apparatus, and thus 
offering a large surface to the current of jgas.^ He did this in 
stoneware bottlers also, but with a very larger mouth, closed by a 
lid and a water lute, to which at the «ame time a funnel for 
runtftng tlu' milk-of-lime was attached. The vessel is filled 
through the mouth with lumps of coke about the size of a fist. 
The lujuid runs about half-way up the bottle, the upper half of 
whR'li is Uieretinc filled with coke alone and exposed to tjie 
gas. The milk-of-lime, continually running in from a higher 
reservoir, runs tiff below as calcium chloride. The pan-gas of 
a furnace decomposing 266 Rg. salt with 279 kg. sulphuric acid 
of to Haume (in , what jength of time?) fimw passes 
throTigh 66 (.ordinary bottles, then through 6 lime-bottles of the 
sort just described — that of the roaster through 36 ordinary 

‘ Kuhlmann is. usually quoted aS the inventor of the arrangement 
described in the text, vihah i<rtainly was first (and perliaps exclusively) at 
work in his factories ; it was*not he, however, but MarsUly* who first pro- 
posed this arranucnient, when the inhabitants of Amiens complained of the 
v’ajxmrs escaping from Kulu/tiann’s works ; and the latter was compelled \)y 
the authorities to adopt it {AnHaUi^s Mirus, (5) 100). 
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bottles, then through 4 lime-bottles, and ultimately through a 
flue filled with quicklime, several metres long, before reaching 
the chimney. , 

This process, employed for some time at Kuhlmrfnn’s works, 
is not to recommended ; and it is inconceivable how, so 
long after the introduction of Gossagc’s cqjftf-towers, it could 
have been proposed, and* even comlnended by some The whole 
arrangement is very complicated, exposed to constant dis- 
turbances, can only act imperfectly (on account of the low fall of 
the milk-of-lime\ and involves the loss of all the lime.. The 
Qplgian Commission (c/j»p. 68 of their Report) carefully investi- 
gated this plan, and rejected it as quite useless. Even when 
the lime was constantly stirred up, which on the large scale 
would not be practicable in this apparatus, a large quantity of 
uncondensed HCl passed through, and the Belgian factories 
'Consequently found themselves compelled to give up the process 
again. Afterwards Kuhlmann himself replaced the lime by 
natural barium carbonate, in order to utilise the barium chloride 
for the manufacture of permanent white (BaS04). At his 
factory at Roche-les-Amiens there were for each dccomposing- 
furnace 160 receivers, 30 of which contain barium carbonate. 
Ultimately the gase.*^ enter a mechanical washer, viz., a cistern 
covered with a woeden lid, in which an agitator cau.scs a con- 
tinuous spray of watei* holding finely ground barium carbonate 
in suspension. From 100 parts of 92-per-cc:it. .salt, 20 of 
acid is said to be obtained as barium chloride, in addition to 
140 parts of hydrochloric acid (34® to 36“ Tw.). Even this second 
method (which, according to Stas’s report, affords almost p<?rfcct 
condensation) cannot be recommended from a technical point 
of view. It utilises a material obtainable only in restricted 
quantities, and produces a by-prcWucl only saleable to a very 
limite^T extent. Moreover, it is m«ch simpler and cheap)er to 
decompose the barium carbonate, without grinding it tmely, 
in special apparatus by means of the dilute acid which might be 
obtained by a coke- tower placed behind the receivers. . It is not 
even necessary to make any weak acid at all ; ill the water can 
be run on tp the tower, and from thi« into the first receiver, so 
as to be ultimately discharged as strong acid. 

• Another half-measure, and consequently urtsuitable, is the 
use of the “ cascade bottles,” sodletimcs placed at the end of the 
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series, provided with a wide central opening, in which a per- 
forated funnel filled with coke is introduced, and water run 
down a.c same ; for of course the gas does not pass through the 
funnel, but V>nl)' round it, and the whfde complicated arrange- 
ment does very little ;4;ood 

Concluding Remarks on C^idcnsaiioh by Woulfds Bottles, 

It may be assumed that for eacl! lOO kg. salt 140 to 146 
litres (/ water must be run through •the receivers, if strong acid 
i.s made exclusiveU- In pr.ictice, much weak acid is 

made in the last washing of tlie gas, perhaps twice as mu5i 
water is used. 

Condensation b\' Woulfe’s bottles (touries) alone is only 
suit.ible for small or medmm-si/ed works, especiall)' if strong 
and pure acid is aimed at ; even then it can be replaced by 
combination oi stone tanks and coke-tow’ers. For the same 
(juantit}' of salt decomposed, bottles sufficient for condensing all 
the IICl are .sometimes moie costly in large works than coke- 
towers, the\' rc<{i!iie much more space and supervision, and arc 
often veiy troublesome through frequent breakages of bottles. 
1 his holds gooil less of pan-receivers than ot muffle-receivers; 
everything of couise depends upon the qu#ility of the ware. 
Long .series of bottles check the draughi: very much, without 
afTofrmig a sutfu lent eijuivalent for it, as coke-tow^ers do, where 
the increased friction goes hand in hand with an increase of 
condensing-surlace. i he advantage of better cooling, which 
botlh's havc;again.st the larger stone tanks, is to some exteat 
counterbalanced bv the multiplication of apparatus and of joints. 

I he principal drawback of b( 4 tles, when employed by them- 
land not merely a^ .iccessory to coke-towers), is that the 
liquid and the gas have ccynjiarajively few points oi^*ontact 
with (Tach other. If on cementing the arms in the bottle-necks 
a little tar-cement has got mside, the thin oily layer forming 
on the lujuid* prevents contact completely, and the bottle in 
question ceasc.^to work ; this can be ascertained by its remain- 
ing cold. Bottle-rccciveri by themselves consequently are not 
to be rccomm(;nded; but combined with coke-towers of con- 
siderable size and madcVif the ver)- best material, as wdll be 
desenUM hereafter, they arc iM^pted for all but the very^ largest 
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works, in which, in the English fashion, each pan is intended to 
accomplish its maximum of work. 

For smalf works a combination of Woulfe’s bottles with 
packed absorption towers can be made very cITectivc. 


Coke-towers . ' 

I • 

The most important advance fn the condensatioi^ of hydro- 
chloric acid was the iiufoduction of the coke-iowet , invented 
by Gossage in 1836. T<iiis is a tower- or column-shaped 
apparatus of stone, brickwork, or stoneware, filled with coke 
or some other porous material, over which a continuous rain of 
water trickles, whilst the gjis from which the HCl is to be 
removed passes likewise through the tower, best in an upward 
direction — that is, opposite to the current of water, Gos.sage 
Jiimself, as can be seen from his History of the Soda-Manu- 
facture, p. 27, derived no pecuniary advantage from the general 
adoption of his invention, but, on the contrary, suffered the loss 
caused by the first costly experiments. 

Coke-towers arc now the principal condensing-apparatus in 
most of th(‘ larger alkali-works. Their action is based upon the 
following facts (\'cry clearly pointed out by Dr A. Smith): — 
When the air contains but very little Hfd (say 0003 per 
cent), it appears ck^idy in damp weather. Even when it 
has been condensed in a rapid current through well “tooled 
pipes, it still appears cloudy on leaving them; but when it has 
been passed through small pieces of coke or through very 
yarrow damp channels, it issues clear. The floating •acid 
pai;ticles which arc too small to be precipitated seem to* be 
retained like precipitates on a paper filter. The cs.scntial 
point is therefore the surface-con tiict Few materials offer such 
a larg^cxtcrnal and internal^ surfaq* as coke. Its inner surface, 
enormous as it is, is not directly utili.sed, since the pores are 
filled with liquid acid and do not allow the gas to pa.ss. Stones 
or bricks would therefore seem to afford the safne action, but 
the pores of coke act indirectly by the continuous diffusion of 
acid from within and fresh water fro^ without. Some factories, 
indeed, cm'ploy firebricks or .specially moulded fireclay lumps 
with many perforations (see belowj Sometimes with open 
roasters bricks arc; employed in*tlic lower and coke in the upper 
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part of the condensers. Still, for the sake of simplicity, we 
sometimes call all these apparatus “ coke-towers ” or, generally, 
“condensers.” The object of employing bricks is partly to 
afford widof spaces in cases where any soot might be deposited, 
partly to avoid ignition of the coke by hot gases from open 
driers. ^ ,, • 

(>)kc-towers are usual^ ^)f .square, section, occupying 9 to 
64 .sq. ft. of groun(l-s{)ace, .'ftid 5 to 120 ft. high. They are 
cmplo)’ed either single or .several t< 5 gethcr, and communicate 
cither ^with the open air or with a•chimnc)^ Of course these 
conditions aie not arbitral'}’, but aiL* ^determined by circum- 
stance's, such as the si/.e of the bate he"), thc^kind of roaster, efc. 
Hut as the gas always issues veTv hot, especially from the 
roasters, co(.»ling it l^y long conduits is of great advantage; 
otherwise the condensers them.selves get very hot. If it is 
sought to re'iiu'ely this by running dow’n very much water, ^ 
dilute acid is obtaineel, and the pa.s.sage of the gas may even 
be obstruct eel too much. 

1 he furnace-gases cannot be completely condcn.scd in a 
single tower, if strong acid is ic) be made. The gas is therefore 
allowed to pas.s through a (lushing-towcr or post-condenser, where 
it is washed with a good deal of water, whilst the resulting very 
weak acid is run to waste, unle.s.s it is pumjjed up for feeding 
the condenser proper. The pan-gas by itself can be condensed 
by ciS.vingle tali coke-tower not connected with a chimney. 

I ost-conden.sers arc generally considered an evil, to be 
avoided if possible In haigland the tendency has been for 
soma years Jo m.ike the main condensers very wide and higl^, 
and to do without <iny po.st-conden.sers, not merely for the p{ins, 
but also fjr close roasters; in open roa.sters this is not possible. 
Hut this simplification is nob» without its drawbacks. We see 
from the Alkali Report, fo^ 1884^ p. 8;, that at a ve>^ well- 
managed factory some furnaces worked with a post-condenser 
or evtr} two main condensers, and other furnaces without any 
post-conden.sefs The former condensers furnish acid of 26° 
Iw., but the l*aKer cannot be fun stronger than 22'’ Tw., as 
otherw i.se there is danger ;of exceeding the legal maximum of 
escape of HC I in the acid-gas. At that factory the w^eak acid 
from the po.st-iK)ndcnsei 1 i is employed for feeding the main 
condensers, and this is now^thi‘,|cneral plan. 
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Condensers, according to Dr A. Smith, may have the 
following defects : — If the coke is too loosely packed or the pieces 
are too large, fhere ’s not enough surface opposed to thj gas ; 
the layers easily collapse, form compact masses, anej* allow the 
gas to pass more easily through another part of the sectional 
area. In thfis case a larg« portion of the toweniKimains inactive, 
and consequently the reajly efficient portion of sor e very large 
condensers is very small. Exactly the same thing happens 
when the coke is packed* too tightly. In this case so much 
resistance is offered to the gjts that it seeks the w'idcr passages, 
never entirely absent, ‘very bad case is that of condensers 
getting out of pluvip. Then the water docs not run down 
equally, and the gas of course principally ascends on the dry 
side, where it meets with less resistance. Thus a large tower 
fed with much water, may become worthlc.ss, as actually 
happened in a Tyneside factory. There this was partly 
remedied by putting in wooden shelves on the overhanging 
side, which compelled the water to flow across to the other side 
of the tower. Very frequently the condensers arc too small. 
This can be counterbalanced by a larger feed of water, but only 
to a certain degree. A certain time is required for condensa- 
tion, and if the condensers arc not high enough, the largest 
supply of water cay not make up for thi.s. A large condenser 
consequently always \y)rks better than a small one. Cases 
have occurred where a strong current of wat'^r ran down and 
arrived only faintly acid at the bottom, whilst the gas escaped 
strongly acid at the top. If too much water runs down, the 
si^face of the coke is even lessened and its efficiency impaired. 
The ^arrangements for dividing the ivater before it runs on lo 
the coke are also often very imperfect. It is very important 
that the gas should alwa) s travel •n the opposite direction to 
the w^*r — that is, always upiva^ds. Condensers with an 
internal partition, in which tlie gas first goes upwards i» one 
compartment and downward in the other, are faulty. The first 
Report of the Inspector on the Alkali Act meitd’ons a very 
telling case, in which such an iftcfficient condenser was at once 
cured when the gas was taken from |he top downwards by a 
string of pip&s*and made to awnH in second compartment 
as well. 

The draught tliroijgh the •yyddhsers should not be too 
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strong; if the gas is pulled through too fast, condensation 
cannot be perfect. This does not easily happen with condensers 
open at the top, which, however, can only be u.s^d for pan-acid. 
For condejising the roaster-acid, or both together, especially for 
open roasters, more draught is required, and the condensers 
must be conneottd with a high chimney. At a Tyneside works 
the condensers situated n^a|^\si to the; chimney, and exposed to 
the ‘'Irongt'st draught, condense much worse than those more 
distant. .Suitable dampers ought td be .sufficient for correcting 
this (Jiu!t • 

It is sometimes assumed in En^:yid that the difference of 
temperature between top and bottom of Ji^large C(,)ke-conden.scr 
ought not to be less than 50 , but m practice there is no .such 
rule. 

High condensers act like chimne\'s, and this once caused a 
very .serious accident. At the Friar’s Gou.se Chemical Worii^ 
near Neucastle-on-Tyne there were six condemsers 75 ft. high. 
On Sunda)' evening, 26th July hSpi, one of these caught firc.^ 
It collapsed, and brought down with it three other condensers. 
Seven men were killed. The.se condemsers were connected 
wath Deacon's plus- pressure furnaces, and the accident was 
evidently occasioned in this way : — A crack in the bottom of the 
muhle, imperfectly repaired, cau.scd the cotfidenscr to aspirate 
hot air and fire-ga.scs from the fire-flue.s* During the stoppage 
of fH)rk .since Saturday midnight the coke had become dry and 
eventually caught fire. In order to prevent a similar accident 
in future, a special cut-off damper has been placed between the 
muffle aiK^ the coke-tower at all works of the United Alkali 
Company. 

Very large condcn.scrs cannot be made of square section, 
because it is impossible to«gct sufficiently large stone slabs. 
Thc)'^ arc made hcxagonal^or oc^igonal, and are in L?^:cavshire 
always built on the .system shown on p. 266, but, of course, the 
joints of the slabs arc not drc.ssed to an angle of 45'', but to that 
correspond inf,^ to a hexagon or octagon. The corner brackets 
must also be ^plraped accordingly exactly as showm in Fig. 84, 
p. 267, in connection wi4li the construction of the bottoms of 
such towers. , 

Perhaps tfc largesf condenser in the world was erected 
at the Runcorn Soap and Alkali Works, about \vhich Lunge 
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received the followin^^ information on visiting the works T‘hc 
octagonal tower is 66 ft. high above the foundation. It receives 
the gas both from the pans and roasters of saltcake-furnaccs 
decomposing 50 tons of salt in twenty-seven hours. Th*e packing 
consists of the hardest oven-coke, carefully picked and put in 
by hand. tIic feeding-witter is run from a tVcular tank by 
oscillating troughs and -v\Mtcr-lut^. * There is n > previous 
cooling of the gas, no cisterns, no post-condensers. The gas 
arrives at 104°; it is coiLsIderably cooled down in the 6-ft. 
space at the bottom below the grate, and here much steam is 
formed which great!}' aids Uic conden.sation. The tem])crature of 
the acid running out i»6f'’, its average strength = 23'' Tw. The 
exit-gas contains on the average 0-45 grain HCl per cubic foot. 

The Alkali IForks Report for 1887, p. 45, mentions three 
works where similar large conden.sers were erected in that year 
*’al(«ie. One of the.se replaced six of the ordinary Lancashire 
condensers, 6x6x 50 ft., by two octagonal towens, (n\ ft. high, 
n\ ft. wide, holding together 28,500 cub. ft., against only 
11,000 ft. of the six old conden.scr.s. The former contents 
correspond to 200 cub. ft. for each ton of salt decomposed 
per week, that is the largest condensing space ever provided in 
Lancashire. , 

The interposition«of stone cisterns between the furnaces and 
condensers is not absoiutcly necessary; even without them, 
complete condensation and moderately strong acid can be 
obtained. Still they arc very much to be recommended, 
especially where much strong acid is required for sale. With 
to\i£rs alone the acid can be made sufficiently strong for o\?a 
use (.say 28°), but cannot easily be brought up to 34'’ or 36” 
Tw., as required for sale, unle.ss a very large quantity of 
worthless weak acid is made. Of* course, by lessening the 
supply o^water to the main cpndenjcr, stronger acid will be 
obtained ; but then more gas will pass over into the post- 
condenser, where it has to be condensed into weak acid. 
Practice has shown that with properly constructed condensers 
without stone ci.sterns the acid need not be Bekiw 28° Tw., 
but it cannot well be made strongertwithout incurring the 
inconvenience just mentioned. This is probably caused by the 
fact^that the greatest strength can be only obtaiifed when the 
acid is at rest, not faUing.down in iiraps. 
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The number of stone cisterns is u:^uall\' three, which is 
sufficient for rnost purposes ; but sometimes six or more are 
employed. In the fir.st of these mo.st of the sulphuric* acid 
carried along with the IlCl is condensed; the acid •contained 
in this tanl^ is consequently impure, and that of the two 
following ones much purt'f. This, however, o*i1y holds good of 
pan-acid ; roaster-acid caif never be obtained free from sulphuric 
acid, because this is parfi\' present in the furnace gas as 
anhydride, which is very difficult to condense completely. 
When there are y'veral tajiCs they can be connected, alid a 
.stream of wat^ir t'r diliile acid may be run in them in the 
direction opposite tev* that of the current (^f gas, just as is 
done in the stoneware receivers; but the tanks arc simpler, la.st 
longer, and the gas-pi j)es can be made much larger than with 
WoLilfc’s buttles. The)' ha\'e ahso a larger condensing surfricc. 

• Fig. 94 is a sketch of a condensing-plant sufficient for the 
complete condensation of the gas from two English blind 
j'oastcrs pnxiucing So tons of .saltcake per week. At // arc the 
pipes conve)'ing the gas from the furnacc.s. They must ri.se 
high enough to have a fall of J in, to the foot down to the 
first tank, A The gas i.ssucs from the furnaces in 15 -in, pipes, 
which either enter .separately into the cistern A, or are united 
beforehand by a Y-pjp^* i common pipe carrying them 
onward .should have 2f in. diameter. 

It is preferable to introduce the two 15 -in, pijx's separately, 
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because one of them can easily fx* stopped when either of the 
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furnaces has to stand still for repairs. The three stone cisterns 
b, ^1, and arc connected at the bottom by i- or 2-in. 
stonoA^are pipes ; and each of them is provided with an outlet- 
cock. Tlic pipe i connects them with the stock-cisterns, h and 
and allows either all the acid' condensed in b, b^, ^nd b<^ to run 
into them, or perhaps only that of’^, for bleaching-powder 
making, whilst the purer agd from b\ and b^ can be drawn off 
into carboys for sale. 

The cisterns .should be placed .so that the gas will rise from 
them to the first coke-tower— be.sf of all, so low that the tower- 
acid can run into them ; but there* should b(j, a fall to J;he 
store-tanks as well. The latter case is nftt provided for in the 
drawing, which of course must be modified in each factory 
according to the given conditions of level. The gas then enters 
a cokc-lowcr, r, 7 ft. square and 45 ft. high ; from this it i.s^ 
taken down in the 21-in. pipes c\ and enters the post-condenSer 
d, which is also 45 ft. high, but only 4 ft. .square. From this it 
issues at the top and de.sccnds through e downwards into a fluesr 
leading to the chimney. In this there must be a suitable 
damper, made of slate or rough plate-glass, etc., and never 
opened wider than is absolutely necessary. 

It would be of course much simpler to connect the towers c 
and d at the top ; the gas would then ascend through c and 
descend through d ; the two .strings of pipes c and e would thus 
be saved. But this saving amounts to very little in comparison 
with the much more perfect condensing effect of the arrange- 
ment as first described. 

* The two towers are fed with water from the wooden cistoKi 
/, which is fixed on a scaffold over the towers, so that there is 
space for a man to stand between the top of the tower and the 
bottom of the cisterns Tfte cocks y y supply the water, in a 
manner to be dc.scribed in^detail Jatcr on. V 

The condensed acid is run from c into the cisterns h /q, of 
which one is always filling whilst the contents of the other are 
being used in the chlorine-.stiUs, etc These cisterns ought to 
be placed high* enough (pr the acid to run to the stills by itself ; 
only in the most urgent cases ought pumping,©/ hydrochloric 
acid to be resorted to^(sec p. 291). It is still better to make 
the condensef-foundatio;^ high enough for running the tow/;r- 
acid into the tanks h, and«#j. • 
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Erection of Stone Condcnsiu^-towers. 

The first tWng to be considered is the foundation. This can 
hardly be constructed too carefully —not merely b^ause the 
weight of the tower, with its picking and the watcr-cistern, is 
very consid<?rablc, but ^Igo because tl\c runniog-over of acid, 
which cannot possibly be, prevented absolutely and at all times, 
tends to make the ground all round and the material of the 
foundation itself rotten, especially the mortar. Unless it is 
possible to go down to the rock, a firm building-ground must 
be procured by pihng, ju^t*in the same way as for a very high 
fac1:or>'-chimncy. Oi^ the bottom of the foundation-pit first a 
layer of asphalt is laid, cither the same kind as is used for 
street-pavements or a mixture of boiled-down coal-tar and 
sand, or else a melted mixture of pitch and brimstone, which 
becomes as hard as stone. Upon this the foundation proper is 
erected, cither of quarried rubble stones, or, preferably, of hewn 
^freestone. Either stone must be free from limestone or any 
other mineral soluble in hydrochloric acid. Most suitable is 
sandstone with siliceous cement. When freestone is u.scd, it 
is not necessary to build the foundation as a solid block, but 
merely three strong pillars, especially that part of it which 
projects out of th|? ground, and which must be carried high 
enough for the acid Jo have a natural fall to the tanks and 
thence to the chlorine-stills. Supposing the latter t:' be 
Weldon stills (/>., about 12 ft. high all over) and Lhc building- 
ground to be quite level, the height of the foundation from the 
ground to the condenser-bottom will be at least 18 ft; 2Ci ft 
will t)e better. * 

The mortar, even for the foundation, ought not to be 
either lime or Portland cement,# but should consist of tar 
and sai^. At the ground-level atjothcr layer of a.sphalt is 
laid down, which slopes away from the centre in all direiions, 
so that'Yio acid can lodge in any one place. A gutter is 
provided for taking away any acid running over, as well as 
the rain-water. • 

Upon the foundation is placed th{ timber frame which has 
to support the* stone tower with the water-cistern on the top 
for feeding it. This frame is often* employarl during the 
building as a scatfijld for hoisti^|g,uff the stones. 
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The construction of frame usual on the Tyne is seen in 
Fig. 94 (p. 290). It is bound together at the foot by metal 
corne;'-brackcts and screw-bolts. The uprights’ should be at 
lea.st 9 X 9r jn. thick ; the diagonal stays may be weaker. When 
the frame has been erected, fail way-plates arc laid upon two 
opposite crow n-^vees, and bent up a little at each end. On these 
runs a bogie, carrying rails ^at right ajiglcs to the first, and on 
these is put a .second bogie, carrying a winch, so that the latter 
can be run to any given place withih the frame most easily and 
quickjly. This travelling crane requires four men to work at 
the winch. 

The bottom-stom\ which is at lea.st 1.2 in. thick and very 
heavy, is best put on to the foundation before the frame is 
erected ; for this the crane is not required, as it can be hoi.stcd 
by screw-jacks. It is often dished tov’ards 

the side where the acid is to run away, .or 

a hole is drilled for the same purpose The 
remaining upright stones arc provided w ith tw'o 
.shallow rcce.s.ses near their uj)per edge ; in the.se 
cramp, attached to the winch-chain, gets a 
t**^* wB * hold. In Fig. 95 it can be seen how' one arm 

3 (T the cramp enters into a square hole in one 

Fig. 95. ^^idc of the stone, whilst the pther side is pressed 
against by a screw paj^sing through the other 
anfi and by wood wedgc.s. Thus the four stones belonging to 
each course are hoisted one by one b}' means of the crane, let 
dow'U into their places, and pro\ isionally fixed by iron and 
wc^den ' tays, till the w'holc course has been completely boi^jjjl 
and the joints made good ; then the next course is put on, 
and .so fiirth up to the top; the cover-stone is left off till the 
packing has been finished. ** 

The courses are built Just ijke those of the stoy^e tanks 
de.scnbcd on pp. 263 <V st\/., and may be constructed according 
to cither (T tiic two .systems mentioned. Here, how’cver, the 


horizontal jefints between each two courses make the matter a 
little more copiplicatcd. For the first system, that of bevelled 
corner edges, an india-ruj>lx^r ring of i in. thickne.ss is required 
for the bottojn, and il-ht. india-rubber cords for the 

upright corneV-joints. These arc fastened in the four corners 
of the bottom-ring aftei^ aci^^ting this, to jts groove (p. 267), 
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and are stretched perpendicularly up to the crown-tree; on 
letting down the stones care is taken that the cords get into 
their proper grooves. The horizontal joints are made good 
by strips of flannel soaked for twenty-four hours in^<i mTxturc 
of boiled linseed oil» red lead (two parts), and finely ground 
sulphate of tarytes (threa parts). Thejatter igs^added to retard 
the hardening of the cQmcnt. h'or ^^ost-condensc^s, only the 
bottom course below the grating fieed have india-rubber cord 
for the corner-joints ; in the rest of the courses all the joints 
can be made good by soabcJ flannel strips. The upper and 
lower edges of ali the sy)fics must have ? slight slope inwards, 
say I in., as seen iu Fig. 96 ; in this way no acid can run 
out. All the edges of the stones must be well cleaned by 
means of a brush, as any small pebbles or rough 
sand would spoil the joint and do great harm. The 
nccc.s.sary binding by means of corner-brackets and 
screw-bolts is very troublesome, as each single part 
^ must be supported until the la.st nut has been screwed 
home. Along with the tower a light wooden scaffold 
must rise up inside, upon which the men may stand. 

With the second system (p. 264) the erection is 
easier, becau.se the stones grasp one another, and 
the binding espcgally can be done without any 
trouble whatever. T^is advantage is even more 
important here than for acid-tanks and chlorine-stills. On 
the other hand, it is less ea.sy and reliable to make the 
joints good, the horizontal ones c.spccially, because the least 
XVelessness of the man stemming in the “black stuff” does 
great mischief. For this rea.son the following very cheap ahd 
more reliable way of making the joints is sometimes em- 
ployed : — A V-shaped groove is worked all round the edges 
of eacly stone — similarly as ip Figs^ 81 and 82 (p. 265), if the 
upper and lower edges are made alike, except the slight iiward 
bevel ^ven to the horizontal edges. The side elevation. Fig. 
96, will make this quite clear. In this way a Ift/enge-shaped 
channel is formed wherever two stones toueb. ^ As soon as a 
course is fini.shed, melted sulphur is poured into all the upper 
openings of the channels; it naturally also runs into the 
Jjorizontal channels, and affords perftet security against any 
leakage of acid gr gas. Thq^.^oifes, ju.st as when joining 
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them by tar-and-fi reclay cement, mnsr-be perfectly dry; if 
necessary, they are dried and gently warmed by means of a fire 
of shavings. Of course the sulphur would mbit if the gas 
entered the tower much above ii2°C., but that ought never to 
happen. A tower built in thi^ way .should not be exposed to 
much .shaking. , , , * 

Formerly .sometimes 4.hc horizontal edges were made to 
overlap (.see Fig. 97), leavin^a space for putting in the tar and 
fireclay cement, but the .system just described is preferable. 

The four .stones forming each c#)ur.sc are not all made of the 
same height, but the sides of the fiTs^ course are made a foot 
higher than the ends. In the next counsel the stones are made 
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of equal height, but at different levels, as shown in the sketch. 
Fig. 98, and also in Fig. 94. Thus a much better bond is 
obtained than with joints running all round. This docs n,ot 
affect the .stilphur-joints, nor the cutting of the stones, as ^will 
easily be percci\ed. But care has to be taken to place the 
iron binders alwc'us in the < best wa}' for making the bond a 
strong one. 

Fc^merl}' the courses were made of equal height, but the 
sides and ends were changed alternately from course to 
course • 

In ordbr to cquali.se the pressure of the screw-bolts upon the 
condenser-sides, 6-in. timbers arc carried up the whole height of 
the tower. Sometimes thc.se arc made stronger, so* as to carry 
the watcr-cistefp. Thc.so timbers are not .shown in Fig. 94, in 
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four comers, so that all the screw-bolts pass through them, as 
seen on the plan, Fig. 99. 

The stones* near ihe bottom should be 5 to 7 in. thick, 
higher up only 4J in., if very good sandstone is/available! 
They are frequently made thiokcr, especially if the stone is 
rather soft. • • . 

The iron parts of tha condensers •must, o*f cour^ ^ he well 
tarred. This must be repeated from time to time, at least 
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twice a year, as should also the tar*coating of ^11 the stonework 
or bricl^v^ork. In spite of this, bracyig-rods, etc., are frequently 
cor jpdea and spoilt by acid oozing out or even by rains' va ter 
absorbing some acid when dropping upon them. This is 
especially dangerous in the bevelled-corner system, for here 
the corrosion of a single scre^-bolt means the dcstAiction of 
the whole binding all round ; and if by^chance both the bindings 
belonging to*aVourse were similarly spoilt, this course, and with 
k the whole superjacent portion of tlie tower, J^vould collapse 
like a house of card^s. Jn the scc|fr^ system, with grooved joints, 
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this danger is nothing like so great ; but here also the corrosion 
of the rods is a serious evil. Sometimes, therefore, all rods, 
after ^being well tarred, arc further protected b*y india-rubber 

pipes, or more cheaply by earth- 
« cmvarc pipes put on in building, 
before ihc rod has been pulled 
throiigli the hole of the second 
stone. A lead coating over the 
pipe's also lasts a long time. 

• Now and ^ then towers arc 
builf , dispensing with iron 
binders altogether. In each 
course two opposite stones pro- 
ject above the next lower course, 
and take hold of it by recesses 
fitting on to two stones at ri^t 
angles to them.sclves, so that 
the whole is well kept together 
Fig. icx) will make this clearer. 
Whatever is saved here in iron, 
is more than counterbalanced 
by the extra cost of stones and 
^ labour, but .there is absolutely 

no need, for repairs, and such a 
towvr should, as it were, last for e\er. This construction is 
therefore t() be recommended. 

^ A’/vV/' Condensers. 

. • 

In man\' cases (formerly much more frequcntl)’ than now) 
brick condensers \\o\c employed. In well-managed factories they 
were ver\’ rarely used for sti^Jiig acid, mostly only for weak acid 
or as^ po.st-c(MKlcnsers. The\' arp usually cheaper th^ i stone 
towers, for instance, on the Tyne, where firebricks are 
cheap ; but they very rarel\’ answer all fair expectations, and 
one of our mfist experienced alkali-makers, after trying for many 
years, gave up •the endeavour tc' make his brick condensers as 
tight as stone condensers.t If freedom from constant repair work 
is desired, the .stone condensers arc to be preferred in spite of 
their extra cost. 

k'or brick towers firctrici*; are mostly .cmplo3*ed, because 
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these usually (not always) resist acids better than common 
bricks ; in Lancashire the blue Welsh bricks (p. 269) ire 
commonly use <3 for this purpose. Nowadays several ijanu* 
facturers make a speciality of “ acid-proof bricks. /They are 
set in tar and fireclay, with very thin joints. Sometimes there 
is an inner wall and an .outer jacket, .separateti by a layer of 
asphalt ; more frequently the walls ure solid. S(^me W'orks 
employ specially moulded bricks, naving a slojic of i in. in 
their length of 9 in. Thdn the brickwork looks, in vertical 
.section, like Fig. goi : inside there arc the sloping bricks^ out- 
side 4A in. of pkin brick.s., *At the bottom a whole brick would 
be taken for the outsiole. The object of the slope is .self-evident, 
but such towers are .said not to have any great advantage over 
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those built of plain bricks. In the latter ca.se the w^alls on the 
Tyne are made 18 in. thick up to a height of 10 ft., and 15 in. 
for the remainder. Three courses of bricks arc laid as runners, 
.jnd the fourth as binders (at right angles to the thick nes.'^ of 
the wall). For greater .stability, and also for carrying the w'ater- 
cistern, there arc upright 12-in. beams placed in the corners, cut 
out as in Fig. 102, so as to take hoW of brickwork. Every 5 ft. 
of height, corner-brackets anji bindjng-rods arc provided. A 
simjl^rl^nd of binding can also be employed for stone t»'wcrs 
instead^ the frame .showm in Fig. 94 (p. 290). The bottom of 
the tower is always formed by a single stone. The condenser 
is painted with .several coating«*of tar both inside, and outside. 

Now and then condemsers are built^f common bricks .soaked 
in hot tar, and immediately after walled quite hot, The weight 
q£ the bricks sets them firmly in the thickened lar, which, after 
cooling, solidifies and ^rves asi/aortar. If bricks previously 
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tarred are employed, the faces to be joined should be heated 
and, immediately before walling, dry sand dusted upon them. 
This^is necessary both as a protection against acid and against 
their slidfpg upon one another when the heat gets up. 

In many works the post-cf aidcnsers are not made as high 
as the strong a<sal condensers, but miKh broader, of an oblong 
shape, with two or three «p;i^titions, alternately open at top and 
bottom, so that the gas has to travel up and down. This comes 
to the same as three or four adjoinihg towers ; it is not so usual 
with, stone condensers as with bri(^ towers. , 

Crating or Domc.t 

The construction of the grating or dome up(jn which the 
packing rests is the same for all kinds of condensers. This 
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gratiijg is cither a pigeon-holed arch, made of the bVst fire- 
bricks, or it is made according to Fig. 103 (aife above, 
Fig. 99, p. 2c^). 

Thre^ stone*fiaj»s are placed* (jdgeways on the bottom-stone ; 
the)’ project above the eijtrance-pipe for the gas (say 3 ft. above 
the bott(^m), and arc parallel with the gas-pipe ; ihfe middle flag 
is cut out in frtjnt, so tha\ the gas is spread uniformly. The plan, 
Fig. 99, along with the'se^tj^n, Fig. J03,, shows this clearly. 
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These flags, about 4 in. thick, carry other stones serving as 
grate-bars, 12 in. broad, 4 to 6 in. thick, and 2h in, apart. In 
the case of very high towers, a second, .sometimes even a third, 
grating or dome is built-in higher up, so as to Icsscfi the 
pressure of the packing upon tl>e lower parts. 

If the dome has to be arched, finst.two diy 9-in. firebrick 
walls are carried up 3 ft., along the t*vo sides of the tower at 
right angles to the gas-pipe ; upon these a number of 9-in. 
arches are sprung in a semicircle from one side of the tower to 
the other, so as tc^ throw the«pre.s.sure downwaids and keep it 
off the sidc.s. These arclje^ are half a brick wide and di.stant 
from each other by th<i .same width (4^ in.) ; they are connected 
by special binding-bricks, which pass from one arch to the 
other, a distance of 12 in. from centre to centre (measured on 
the top of the arch), and form a continuous course ; thus 
pigeon-holes are formed in the dome. The clo.scrs are, in the 
centre, 9 in. wide, in order to reach from centre tt» centre of 
Jtwo arches; the end closers must be 12 in. wide and 9 in. 
high, and their other dimension is 3I in. at the top and 
in. at the bottom. The spandrels arc walled up level 
with the crown of the arches so as to form a plane, and the 
whole is bound together by a wall 15 in. high and 4^ in. thick, 
running round all the four .sides. 


Packing Materials. 

The coke employed for packing should be of the best and 
Jja|;de.st quality of oven-coke. Ga.s-coke is of no u.se whatever 
here^ because it is too .soft and would soon be disintegrated. 
Immediately above the grating the largest and longest pieces 
are placed regularly in parallel cQurse.s, the^rst crossing ^he 
grate-brrs, the .second at right anglijs with the first, and so on. 
Eor eaft i following course smaller pieces arc taken, .so thl»t the 
sizeoi pieces changes from 5 to 6 in. in bottom layer down 
to 2 in. in the top layer. Since the efficiency oi a condenser 
essentially depends upon the qiTiform di.stribution of ^fater and 
gas in it, too much care cannot be^ .spent on .selecting and 
arranging the* packing. It should be done by a thoroughly 
t^stworthy man. When one-third of Hhe conch^n.ser has been 
packed Tn this regplar^ way, the^ jpmtining two-thirds may be 
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simply filled by tipping-in pieces of coke, separated from all 
smalls by a riddle with 2-in. meshes. The coke is filled in up 
to the lower side of the gas exit-pipe, but after* some time the 
packl^ig .settles down a few inchc.s. 

At first the coke yields up ^ little iron and organic sub.stance 
to the acid ; aft^wards this ceases. /V/ter some yc^ars the coke- 
packing must bc*renewej, the ncces.sjt}’ for which is indicated 
by the draught getting bad' 

d'he large octagonal or hexagoiutl towers, in which a uniform 
distribution of the gases is much* more difficult than in smaller 
towers are best packed w'ith pieces uf-eyke of regularly graduated 
sizes in such manner that the larg(T hny})s ar? placed in the 
<eft\(re, and much smaller lumps round the edge's, where the 
IrulKihli^f the gas is greater. 

In tlH^lse of high coke-towers (above 50 ft) it is advisable 
toa\oid the^^JC^tessure t)f the upfjer layers upon the lower on*:s, 
* b\- which the cotvlSt^ight be crushed, by intcrpos.U)^^ dr)’ arches 
at distances of abtulF' jo /i v- weight OT tUdf' 
sujMjrposed coke column. In this case each of the compartments 
thus formed can be cleaned out and repacked, if manholes are 
provided for that purpose. We must, however, bear in mind 
that the pressure of the upper column is thus converted into a 
lateral thrust upon tho.se .stone flags from wlych the intermediate 
arches spring, and that the ordinar\ carnet: uction of coke-towers 
is not calculated for any great lateral thrust. 

Othrr Materials for paikirve^ Condensers . — For more than 
fifty wars jxTforuted fireclay blocks, or earthenware pijx:s, or 
pities like flow'cr-|X)ts with [x^rforated .sides have been ernplo^^ej) 
instead of !:okc. We .shall .see later that very imjx^rtant , new 
sy.stenis have been dcvelojxHl out of thi.s. Although so well 
know n before, Dftvifton and .Sanceau (B. P.s. 14766 and I4768, 
of 1894) patent the old .system of })ottery towers pacl^d with 
perforated short cylinders, and* jx^rforated discs l ain m vm 
these, or tiles perforated in various ways, for the corlfJ?nsatbn 
of hydrtKhkxric and nitric acid. Precisely the same thing is 
mentiondd in ihc first edition thi.s work, and again in the 
second edition, loc. cit. ' 

Barbier (B. P. I 40 I 4 » describes a ^p^ial packing 

for condensingitowcrs,c(ynsisting of inverted cells w ith perforate 
ends, of c)dindrical or trimc^ed cone shapej a vertical central 
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ccx)ling-shaft supplies cold air. The i:>erfoi atecl ends of the cells 
are made concave to retain any solid particles carried over. 


Claus (B. P. 4108. of i8t 
of coke a spongy, porous, but 
combining silica in the .shape 
silicate containing more, than 
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',2) proposed to cmplo)* ii^stcad 
acid-proof material, prepared by 
of^ganister or kic.scl^hr with a 
one ba.se. Tluw^main objection 
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Fig. 106. 

*to* ^his proposal is that the material is more cosUy and l?ists 
little better than good coke. 

o *** 

Cover and Distributing Apparatus for the Water. 

^v^ftcr putting in the packing it is time to put on th<- cover 
ofthe t 39 ber. It consists of one or two stone flags, 3 in. thick, 
in which a number of holes (.say sixty-four for the large 
condenser and nine for the^^st-condenser) are mdlde, taper- 
ing below and serving for the water-jlutes, Figs. 104 and lof; 
the joints are made good with red lead. Fig. 106 shows this. 
,Xhe w^er-lutes consi.st of two parts— cup wi|h a J-in. short 
open tube in the epntr/j, and cbver over this. The whole 
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top is surrounded* by a stone edge 8 to 12 in. high, and the 

wooden oscillating bucket (see Fig. 104) fixed upon it. When 

this has poured its contents over one-half of the lutes, they 

will DC filled with water, of which all that stands above the 

small cent^d tube runs off (kircctly. The nicks of the small 

covers allow thwater t»o run in without letting out any gas, as 

there is still a shrillow waier-lutc left. . This periodical running 

over is very efficient for drenching the coke uniformly. As soqp 

as the other half of the oscillating trt)ugh is filled, it turns over 

again and drenches the other half of the lutes, 

• . * 

'I'his arrangement of oscillating* y*ough and water-lutes is 

ver)’ much to be recommended, much nu^re th?in simple holes 

in the top covers, which easily allow gas to get out. A simpler 

j)lan is to place in the hole a short bit of rope with a 

knot at the upper eivl. Sometimes the water is run int(> the - 

condenser b\' a single swan-necked pi])C, on to a splashing- 

plate 2 or 3 ft. below, but this does not act anything like so 

perfectly as the arrangement de.scribcd above. , 

It is h.irdly nccessar)- to say that instead of the simple 

oscillating trough (which is found even now' at .some large 

factories), more complicated and efficient feeding-arrangements 

can be employed, such as reaction wheels or preferably 

immovable overnow-arrangcmcnt.s. These ^rc described with 

all details in Sulphuric Acid, to whi^h wa must refer the 

reader. 

Raulin (special communication) has invented a distributing- 
apparatus which is worthy of attention, especially in cases 
whgre intermittent teeding is preferred. The follow’ing gi^^ 
an idea of ’Tis .system in a practicable .shape: — Fig. 107 shows 
at A a small ve.sscl, with a narrow siphon, b, which fills even 
with a ver)' slight^ced from #ap a, and di.schargcs the contents 
of A at regular intervals jnto vcs.sel B. This vc.s.seU having 
been flllcd (if the difierence in the width of pipes be^oy^^ 
great), siphon c will begin to run, of course at grcatcrHntervals 
than b, Thia operation can be made more exact by making 
the oulci* limb. narrower than* the inner, as shown in the 
figure. The same principle is continued by further vessels and 
siphons, with increasing quantity and decreasing frequency of 
play of the sfjjhons. According to Raulin, the following 
a suitable graduation: — The.^tlct of ^iphon in the first 
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vessel A ought to be 0-16 in. ; the siphon in the .second vcs.scl, 
B, should be at least lo in. long and have an outlet of at most 
0-4 in. wide ; tHkt in the third vessel, 16 in. long and at most 

0- 8 in. in width of outlet; in the fourth vessel, 2 ft. Km/and 

1- 2 m. width of outlet; in the fifOi ve.s.scl, 3 ft. 3 intone and 



■6 in. width of outlet ; in the sixth ves.sel, 4 ft. long .uid 2 in. 
idth of outlet. Usuall)' two or yfrec ve.ssel.s will .suffice. ‘ About 
tl inch below the outlet, d, of the last„vessel there is fixed a 
orizontal disk three times as wide as the outlet ; by this the 
ater is i^de to spla-di about in a doifie-shaped. form. The 
iameter oT this dome must corgjspoi/d to the width of the 

U 
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tower D, and we "can calculate for the radius R the necessary 
height 1 1 of the vessel C, with a siphon of length / and width 
by tl^ following formula : — 

. , 

The height*:)^ e above the surfach of the coke in D must be 
found by experiment; it m%ist never *bc more than JH. If the 
pressure on the siphon be Icssenc^, the liquid dome contracts, 
so that finally the whole surface of the coke is moistened in a 
ver/ uniform way and at regular int;pn^als of time. 

Schuller ^ modifies the apparatus of Raulin in«ft very judicious 
way. He divides the inner limb of the siphons into two 
branches, one of which dips into an open cup : by means of 
this arrangement the siphon empties itself completely at every 
run, and no frothy mixture of air and water i.s formed. The 
inside diameter of the .siphons i.s best = I in. The dimensfons 
of the various vessels are planned .so that for a certain setting 
of the tap the)' are all filled at the saine time, in eighty 
seconds; this can be altered at will by a different .setting of the 
tap, and the cjuantity of water is easil)' measured in the same 
way. Schuller prefers as dividing-apparatus the acid-wheel 
with a glass bulb floating on con cent rifted sulphuric acid, and 
a bell announcing every revolution, to* the fixed overflow 
apparatus and splash-plates. 

Kliite I.sing (Ger. P. 209276) dc.scribe an apparatus for 
the automatic and uniform feeding of absorbing- and reaction- 
towers, consisting of .several running-ofl* pipes, arranged in the 
casing of*the float, each of them provided with a valv6, 56 
that in the ca.se of changes in the feeding-liquid one or more 
of them are eifctirely .shi^t or opened, thus preventing any 
changes of the feed by the fortuitous stojjping-up of the 
CXlt*pi|K'. * • 

Running’Off the Condensed Acid. 

The condensed strong acid xyive^ off through a ij in. carthen- 
ware cock just above t1\e bottom of the conden.ser, and is carried 
to the stock -cistern.s, which should hold tu'ciUy-four hours' 
make. Thebweak acid from the post-condenser is either run 
‘ /. angc^^Chem.., 1895, p.^73- 
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away, or used for some sjxjcial purpose or pum^X'd back for 
use in the strong-acid condensers. 

Cokc-to 2 vers combined ivith Tanks. 

•The conficction between the tower and ll^ tahks may, for 
instance, be made in the w\ay show^n in,Fig. io8 (from Schrader ^). 

A is the foundation, 15 the lowdV part of the tow'er; r r, the 
grates; C, space for the g.'i./and the liquid acid, which tuns off 
through i into the tank a glass rtr earthenware over- 

flow from D inf E. The acid vapours, of course, take the 
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Opposite direction — from IC through ^ into D, aijd through a 
into C 

^I'igs. 109 and no give an example of coke-towers of a 
la -g** works. They represent the pan-condensers jit the 7 'yne 
Chemical Works, Gateshead, from the first Report on the 
Alkali Act. The .section, Fig. 10^ sh^nvs only one conden.scr, 
but for the sake of greater, stability six, for as many, pans, 
.gre buflt together, in tw'o rows of three each, as .shown the 
elevatit^ big. no. In Fig. 109 a is the dccom[x)sing-pan, 
working up lol avt. jxr hour, or about i? toh . 1^6 cw't. in 
twenty-four hours ; b is the string of^fireclay pipes ; ^ ^ i,s thj^ 
coke-tow er itself, 5 x 5 ft- wade inside. • The height of the ba.se is 
si ft; that of the .stone condenser itself, 100 ft; that of the 
\}^t^r-^^ern house, t 5 ft. ; and the pi^ k for escaping gas 
J Dittgl. polyt. /[|^lxx., p. 183. 
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projects 3 ft. above the roof of this house. The column of coke 
is divided intp three parts bv the brick arches e to prevent 
the lower strata from being crushed by the weight of tlw/ upper 
ones : for towers of less height these arches are ny 'required. 
i 4 ^ the cxii the non-condcilscd gases thr^)ugli^he pijx; k; 
/, a water-cistern ; the bscillating trough ; ^ a stage on the 
roof of the cistern-house Tor getting to the pipe A 

In Fig. 1 10, A U C pfe three of the condensers, D the 
foundation with the concrete basement E, re.sting upon the piles 
F ; a (I the months of thy gas entrance-pipes, b the sfays of 
tl^ timber fra^ne, c thc*.stairs, G G the ciMcrn-hou.se, e e the 
escape pipes for the §as. 

F'ig, III show's condensers for open roasters, packed ivith 
bricks, as formerly w'orking at Messrs J. Hutchinson & Co.’s 
Alkali W’orks, Widnes, but now di.scontinucd. 


Earthenwa re Coke-iowers. 

For .smaller works the be.st kind of conden.scrs arc tho.se 
constructed of large earthenware pipes, combined wdth bottle- 
shaped receivers or stone cistcrn.s. The pipes arc made cither 
of the same stoneware as the best receivers, or of fireclay, 
and in the latter <?;i.se boiled in tar. Their joints arc made 
with tar and china-clay The bottom pijx; stands cither on a 
stone cistern or on a solid stone plate, in w'Mch a groove for 
that pipe has been cut. This groove is gently heated by a 
fire of shavings ; the pipe is put on, leaving below it a space 
-ofebout I in., small bits of slate having been put i;i ; the j()int 
is fiTled with melted asphalt ; the cement is pres.scd in smoothly 
by means of a hot flat-iron ; and, lastly, for greater .safety, it is 
walled round with a ring of firebricks set in tar. In order not 
to allow' any acid whatever teget teP the joint, it is best tp dish 
Fottom stone, and to drill a hole from the lowest" point 
in a do^wards slanting direction ; into the hole^ thus formed 
an earthenw’are pijxj for the liquid acid is intro<jur,pd. The 
remaining large earthenware* pipes are easily •put on. TI^' 
joints are a^ made wdth tar and china-clay. At least each 
third or fourth pipe should be supported from thy timber frame 
of beams placed undemcalh its soclfci so that the 
bottom pipes need n'^t aupport tlic*weight of the whole column. 
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Since a single pipe tower, filled with Coke, even of the 
largest practicable diameter (say 3 ft.), is unable to condense 
the gas from *a pan working on the large scale, severaL such 
towers should be combined and the gas dividQd ’dirrong them 
byjDranch pipes. This is done ii| the simplest way bj^nveying 
the gas firs'! into a loiag .stone tank, .placcd#jn Iront of the 
condensers, from which jvs many bmgehes depart i\< there arc 
pipe towers. The same cistc/n .scrv'cs for collecting the acid and 
getting up its strength. Special earthenware vessels for dividing 
the gas may be provided, instead of the above arrangement. 

Earthenware eundcn.s^t1i aie very well adapted for the gas 
fro*m pans ancTfroin •blind roasters, but there is some risk in 
emplo)dng them for open roasters, since the pipes arc subject 
to cracking by too much heat. If this happens, one or two 
iron hoop.s arc laid round the cracked pipe, consisting of two 
hiUvcs joined by .screw- bolt.s. As these, if left unprotected, 
would soon be eaten through by acid oozing out, they are lapjx?d* 
^round with tarred .spun yarn and the whole thickly coated with 
tar ; moreover, they arc kept off the leaking place by wooden 
wcdge.s. C'oating the hoops with lead is also a good plan. 

According to Lunge’s experience such towers need only 
have two-thirds the area of stone condensers — no doubt partly 
on account of the i^uch better cooling arising from the thinner 
walls and the greatly incrca.scd surface, and partly on account 
of the better division of the water on the much .smalle* area 
of each single pijx!. 

Sometimes, instead of earthenware coke-towers, ajiparatus 
^irjilar to that .shown in the first edition of this book, VoU I., 
p. 3^8, Fig. 160, for absorbing the nitrous gas in the manufacture 
of sulphuric acid, are employed. In this case, within a column 
of earthenware pipes shelves of the same Material are fixed, 
so that the water supplied of the |op runs down very .slowly, 
ji:.hilst/the gaseous current a.scends in serpentine wj?*H!ng.s. 
But tn%i^docs not afford anything like .so gor»d a contact 
between gas and water as coke-towers, and th^* advantage 
claimed for this .system, thaufhe draught i.^ kyis im*pcded bv 
it than by coke-towers, is rather V) be considered a fault 
{c/ p. 288). • * 

j^ azlehurst (B. P. 4233, of 1879) de. 4 bribes earthenware pipes 

filled with coke, 17 in. wide, w^ich the gas is forced by 
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injectors made of Yorkshire flag, and condensed by water 
tecn^rrcar'^"^ completed, its success cannot have 

. \ ■ // ussijr Cot^detising-plant. 

A nuinlKr.«.f medium and spwllcr alkali'-works have 
opted lie .set of hydrochloric acid condensing-apparatus 
m roduce .1 by Mr Schaffner at Jhe Aussig chem J works 
Hherc the earlhcmvare itself is also manufactured. Figs 112 
115 repre.sent this sy.stem. At Aussig blind roastL are 

ri:t^ead,."’ ‘"'‘■'“>-^’""-‘ 11 -- tUe batches of 

that'trtSerr""*'" '‘V'"' 

at lor the roaster-gas, cs|>etially m order to obtain hydro 
h one acid pretty free from sulphuric acid. Much more' 

• e.i’ ‘‘ 7 '. .'7 '■oa-'^tcr-gas than in the prn- 

fc<-, .s Me h.tve .seen If its prc.sence docs no harm such a 
•separation of eondensing-plant is unnece.s.sary 

I he gas from the pan, being less hot, travds through a flue 
made of hrecla.y pipes to the .small touer A, Fig The 

hotter roaster-gas ,s taken first through a flue made of tarred 

n»is.cn, , 

zy‘"r„a 't » *'"« 

;”T-' Thi, Z 

drawkrr " arrangement is shown %in t^ 

u'hh I ‘^cuble series of receivers a isufovided 

of the ga.sts; iiv the .second double roiv (d, Fig. in) these lone 
IJlpes are not required, from the receivers the gases Z Z 

MinT'^Th'' “Jd underneath a gratirtg iSc the 

^ Ibovc h Vu earthenware dish«i 

as above, the uppermosteUnrd contains coke. On tS?toK 
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0 iame of this tower a water-cistern (R, Fig. n 5) is placed, from 
which the water issued by means of a turbine distributor, 
moved by the* falling water itsv-lf and spreading it all ovpr the 
tower^ From each tower a pipe carries th^ residij^ gases 


I 
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downwards, and both .systems (for the pan and the roaster) 
ultimately unite in the larg^e* receiver P, Fi^ ri3,*f’'om this 
a pipe descends into a flue leading ^to the chfmney. 

L in order k) observe and e^^amine the exit-gas continually, 
1 system is provided with a “sight," closed by glass panes, 
jvisible in Fig. 1 14 at / /. In thcs^ at»the same ^ime the draught 
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can be regulated by putting more or fewer plugs into the 
grating with round holes, lying in the sight. 

The acid issues fron* the tower I2 Tw. strong, runs thi;ough 
all the receivers, and arrives in the first re<jeivcr* 3^'' Tw. 
strong. The acid condensing in^thc small towers A* B is run 
ofiT .scparatclv' by stoncjvare cocks. In ord(ir tfl check the 
process, glass cylinders . are int(j*p^).sed iif severa’ places, 
throuiih which the acid run.s, and in which Indrou.eters 
show the percentage of 

Fig. iiCshow.s one of the V>"’crs in sccti(»nal cievation. ^ The 
distributing-whcefemptic;? hs contents of wa^er through a inti^ 
th(? outer, through h iyto the inner compartments of the cover ; 
c are glass tubes cemented in ; /, the pipe for running ofT the 
acid ; the gas exit-pipe. 

Fig. 117 gives the details of the .small preliminary tower. 
re*is the mjecting-pipe, coming from the water-main, ]*' the 
entrance-pipe of the ga.s. • 

The principle represented by the “preliminary tower" 
(already fully de.scribed and illustrated in the first edition of 
this book) has also formed the substance of a patent by 
Hargreaves and Rol)inson, No. ^^1* 1H82. Between the 

place where the^iydrochloric acid is formed and the condenser 
they interpo.sc a “pjiriter,’’ kef)t at such a temperature that only 
the vapours of ferric chloride and sulphuric acid arc condensed, 
with but very little hydrochloric acid. 

The Deutsche Solvaywcrkc (Ger. P. 16337 ij cool the ga.scs 
by means of a flush tr)wcr, passing the hot liquid w hich runs out 
^.at Jthe bottom through a cooling worm aiifl employing it over 
aga^n for feeding the tow'cr. • 

Wooden Coke^- towers. 

Sujh towers arc employed at some French w^rks ^ post- 
* condtffi^e^ They arc cylindrical in form, composed of 2 in. or 
3 in. pitch-pine planks, and arc held together by* .screw hoops, 
which are kept away from the, wood by lath.s, sip that? r ny acid 
oozing out does not get to the iron. *^That the Voodwork md 
iron should 'bt protected by frequent painting with best tar- 
varnish is a matter uf course. Covering the ho(/p.s with lead is 
still better! Evcii tanks for weak h>idrochloric acid have been 

r — ® 
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to \vo(5ficn^\ycr.s. and cnable<; f 
of any kirul without the aid of skilled 

wdl Ik- clearly seen from Fioc n ■ The c<i*s(ttiction 
should Inr staggered and not iil r 'f ’ ‘he bosses 

F«r cylindricar^-sse. "bn^ra ?e "•' “r”'’""" 

bosses shouki be used tm oDoosite ' t" ' tightening 

steel rrxi of, tt.^ I in dil^ 

number of hoops) is threatled at b'l^t" li n®- the 
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By tightening up nuts on the threaded ends, great pressure can 
be applied to the wooden staves and a watertight constructi' )n 
is readily obtained. 


Stj:;e of Cokc-toivers. 

% 

According to the late dr Angus Smith a cyrtil enser of 50 ft. 
height and 5 ft. sq. sufficc.'+for the g^s^^iven off by dcf umoosing 
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Fig. 119. 

p 0 

5 tons of salt in twenty-four houi.S| if the supply of water is 
jjropcrl^’ regulated. This refers to olind roa.sj^£S^J)lw^mith 
even Tp^fiiiis two such condcn.sers of equal size for the pan 
and roaster, but this is doubtless not absolutely necessary. It 
may be safely asserted that for, \wo pans, if aitornatcly worked 
with regularity, a condenser of 6 by 6 section, and 50 ft. high 
is quite sufheteat, e.specially if the; gas previously passes through 
two or three acid-taiik'-, even if the tw(f pans decompose up to 
20 tons of sMt in twenty-four hours.. In case of need, even much 
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less conficnsing-sjjftcc has been found to suffice ; but then there 
is ^reat danj;cr of an escape of acid vapour at the^ slightest care- 
lessness ; and in any case the quantity of strong* acid obtained 
is much sfiiallc^ than it ought to be. It is, no doubt, preferable 
to make flu; tower 6o or 65 ^ft.’ high, because then more and 
stronger aci^ *'i*t>*^I* S^une works evQi have them lOO ft. high, 



Kic. 120. 


but this is inconvenient Ji^id unnecessary, at any rate if acid- 
cistcrlis^ e inploved. At one works possessing su<^ high 
condensers, it was preferred in a new erection to^ilfiu two 
towers of 50 ft each, the gas pa.ssing ?rom the top of the first to 
the bottom of the second, and (tu^ of the top of this into the air. 
Afll this refers to .store eoj|ldenscrs ; earthernvarc coke-condensers 
only require tw o-thirds of the ;jectional area, but tht same height 
(p. 309). ‘ ^ • 

Chandclon gives th<y f^tljowing details for Belgian fac- 
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lories, relating to the year 1871 anti Id <jan.s and roasters 
together : — 


I. 

!I. 

III. 

IV. 


Cubic cajacity of tin* cooling- 
apIinrttUB for each IW) kg 
salt dwompoatHi in i !4 jiours 


(’uluc cAjMW'ity of tl|i* 
foiiilt lott rn 


■' ■# i 

CubuiHiftre«. I . Ciibi<»^j|Kri1i 

0-378 lo 1-480 1 2-4 c 4^ to 3-400 

0-43S ' i-ooi t • 1-373 


0-826 


• 3 3S0 lo 4.720 

f-ooo 1 770 2- .80 


I 


Condensers J'or the g«is* from o/^eri ro(Ut:r<. if strong acid Is 
to be got from thcr^, should be as high as, but wider than, 
pan-condensers ; if only weak acid is aimed at, the\' are usually 
made much lower (20 to 30 ft. high). i)ut of so much the larger 
area. Frequently they are matle of bricks (cf. ji. 298). but 
b(?ttcr of .stones — the gas being previously cooled, lest the 
.stones .should crack. Where furnace-gas has to be condcivscS 
.by an excess of water, Dr Smith .states that a condcnsing-.spacc 
of 4 cub. ft. for each cwt of salt decomposed per diem is 
sufficient, and this is found true in practice 

I'he dimem^His of stone coke-towers at ]uigli.sh alkali-work.s 
are be.st illustrated Jdv the following table, taken from the 
Alkali Inspectors hlcport for 1884. p. 82, referring ^o the towers 
then existing at the vi*nous works at Wddnes, Apart from the 
condensing-space, we also find the average e.sc.''pe of HCl .stated 
for each ca.se. Only blind roasters are u.sed there. 


itelt llf-COItlpOBftl 

• per week. 

ContcnlH tif tlic 
ttjwt-ra. 

Coiid) imiiig-HpK.''- 

j/*T ton of «alt 
jH-r wwk. 

Amthkc .fti’ajx' of 
II <'1 Ml ttic rxlt. • 

• 

Toiim. 

Cub ft 

<'ub ft. 

(JraiiiH jM-r cub. ft. 

315 

30,100 

. 95-5 ^ 

0.14 s 

605 

33.000 

54 5 ^ 

0-10 

370 

18,000 

1 4 H.(. 

0-14 

225 

9,830 • 

43-3 

o.icr 

#180 

6,000 

^ 3*3 

— -tfsr; 

^ ‘' 40 QP 

24,800 

62^ 

0.12 

460 

! 

30-0 

, 0-12 

260 , 

\ 1 3.000 

[ 50-0 

o-n 

470 

20,000 

!* 42-5 

1. *0- 4 

150 

5.370 ‘1 

! 55 -K 

1 • 0-16 0 

460 

19,600 1 

fc.G 

008 

324 • • 

1 16,100 1 

i . 50-0 1 

# ™ 

O-IO 

4219 • 

1 2^. #,620 

I ^ 9-7 

0-122 
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Much larger coi^densing-space was provided for some of the 
Mactear furnaces, but the HCl going away in the exit-gases 
was slightly more than the average mentioned 3 bove. 

The above ^report (p. 84) gives the following details re- 
specting a ‘particularly well-managed works: — The coke-towers 
arc very caftifuUy packed, trfe size of the picCes of coSe 
decreasing from thft: bottom upwards in regular gradation. The 
top layer pas.ses through a i-in. sieve. Such a tower, holding 
2050 cub. ft., condenses, without a ,post-condenser, all the gas 
of a saltcake-furnace decomposing 55 tons of salt per week, 
the gas being first cooled down to ^82'' by*300 ft. of pipes. 
Three of the eleven saltcakc-furnaccs pys.sess*a condensirl^- 
space of 37 cub. ft. per ton <jf .salt per week. The other eight 
furnaces, which are worked for the Deacon chlorine proce.s.s, 
require much more condensing-space. The pan-gas of these 
eight furiuices, e(|ual to 293 tons of sail per week,^ goes ir^o 
the Deacon “ decomposer,” where half of the HCl is converted 
intf) free chlorine. For wa.shing out the undecomposed HCl 
from the chlorine, each pan po.ssc.s.se.s a tower of about 2000* 
cub. ft., corresponding to 109 cub. ft condensing-space per ton 
of salt per week. For the eight blind roasters, belonging to 
this .set and corre.sponding to 147 tons of .salt^six towers are 
provided w'ith a total ca[)acity of I0,900*cub. ft., or 74 cub. ft. 
|x;r ton of salt per week. The average condensing-space for 
all processes is 70 cub. ft, per ton of .salt per week. 

It i.s also stated in that report (p. 78) that of two works 

where the old saltcake proce.s.s exists alongside of the 
Hargreaves process, one pos.sc.s.ses onl)' 37 cub. ft condensing- 
space for tlm: former again.st 72 for the latter; the other 

works has cub. ft. for the former and 49 for the latter 

(all of it per ton 4>f .salt frr week). Hence at the .second 
works there is very little ^lifference in this respect between 
the tw fi-pry ef ji iii ^es^ 

• Other Condensing Mhhods. 

In spitt? of the excellent rcsulfi^ obtained in the condensation 
of flydrochloric acid by thp coke-tower, first intnxiuced for this 

* The calculation is made in such >fay that two-thirds oAhe salt charged 
are allowed in this,placc as decomposed in the pans, the remaining third, 
later on as decomposed in the rftastgr. 
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purpose in 1836 by Gossage, and in spite of tj;ie fact that we can 
hardly conceive how the alkali industry could have reached 
its present citbrmous development without that apparatus, we 
cannot concede that it satisfies all requirements. JFrom the 
outset wc must acknowledge the drawbacks of its grc.1t expense, 
o^hc difficulty of always obtaihing the pro{^‘r unateri.il, .md 
frequently also that of pri^paring a proper folimlation for .such 
•colossal towers. Dr Angus Smitfi, *assurefll}' one \ ho has a 
right to be heard in this jp itter, .says, in the Fourteenth and 
Fifteenth Reports on the Alkali Acts, p. 115:—"! have a great 
dislike to the gre.^ .owers thr y arc certain!)' capable of hoVling 
' a j^reat deal ol^vatej and of acid, and to a certain extent of 
storing up condensing force, so to sjxiak. This is their value, 
but they unfortunately store up heat, so that cooling is slow, 
whilst the surface from which the evaporation comes is large. 
If^the conden.sers could be kept (juitc free from pt>ro.sily, 
the latter objection would lose its weight.'’ • 

Wc shall now de.scribc .some inventions which have been 
tnadc to replace the large coke-towers by smaller condensing- 
apparatus. 

^fate-columns {Lun^c Toivcrs). 

The apparatus bdiring this name, which is intended to 
combine the functions of a coke-tower and those of a large 
number of preliminary receivers in a very small space, w^a.s 
invented by Lunge, and is therefore frequent!) styled “ Lunge 
tower” (H. Ps. 10355, of 1886; 10037, of 1886; 6989, of 1889). 
Its principle is that an absolutely uniform division, both of the 
gas'and the liquid, is attained by the peculiar constrijction of tH!; 
" plates,” with a large number of shallow' basins, formed by a 
network of ledges, all of them ]>cfforated j^y holes provided 
w'ith a small margin, these basins nd holes being in different 
places in the alternate plateS; mof cover, by the con^nuous 
shoeW-fof ^hc ga.scs against solid surfaces tb^^ c'ondensativat of 
the acid present in the 5hape of a fog, otherwise not at all 
easily condensed to real drops is greatly j^romoicH, These 
advantages enable us to perform with ver>^ siaall apparat\j,s 
an amount of \vork for which othcnvi^ large coke-towers or 
very many ea.thenvvare receivers art' require^^ We must, 
h6wever, I^r in 1 lind that, precisely Ijecause the condensation 

X 
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takes place in a ¥ery small space, the heat evolved is corre* 
spondingly intense, and that the gases must consequently be 
^ cooled as much as possible before entering the cfondensers. If 
this is pfopcrly done, cxperien(je has shown that the plate- 
column apparatus produces both a complete condensation and 
an cxccllent^yiykl of sLronf^ acid (32j.to 36° Tw. Vcordinglo 
the season), of c()lirsc on^tjjc supposjtion that the column of 
acid is made to meet the current of gas in a few earthenware 
or stone receivers. , 

hjgs. 121 and 122 .show on a s^alc of 1:50 the ground-plan 
and side view of a plate-column ^yndenseT as supplied by 
the Deutsche Ton- und Steinzeugwerk^, of*Charlottcnbiirg, 
Berlin (successors of Ludwig Rohrmann). The plant here 
shown serves for condensing the acid from the decomposition 
of 5 tons of salt per twenty-four hours. For heavier work, say 
8 or 10 tons of salt per twenty-four hours, the cooling-pipes ^nd 
harthcnwarc receivers must be made in two parallel rows, and 
the plate-columns must be made of greater width, as we shall 
see below. • 

The pipe-conduits a and a convey the gases from the pan 
and roaster ; the conduit from the roaster may also be made of 
stone, as .shown p. 260, and this is to be especially recommended 
for heav)' work. 1 hese pipes lead to .small empty stone towers, 
A A', and then to the wash-towers B^IV,*made of stoneware 
cylinders, which arc cither left empty or packed with broken 
stoneware, etc. The w'a.sh-towcrs are fed with just enough 
water to completely saturate the gases with steam, which 
arcxluccs a corre.sponding cooling effect, and to condense as 
much as j:l\ssiblc ‘of the sulphuric acid carried aw^ay from 
the saltcake-furnace. The temix^rature in A A' remains so 
high that hardly aay HCl is condensed if the feed is properly 
regulated, whilst most of Jhe sulphuric acid is condensed and 
runs aLi^J^c bottom. Ihesb towers may also be fed with 
any dilute washings. ^ 

If it is not necessaiy^ to make specially pure acid, the pan- 
condensation may be simplified, by omitting one of the towers 
A B, for in.stance the ^one-tower A, in which case B serves 
lx>th for cooling and washing. ^ But for the roaster -condensation 
it is advisable to rctain’both tow ers. Here the hot gases should 
be decidedly cooled before entering the earthenware tower B 
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(which might otherwise crack), and sh(juld be completely 
saturated with steam, which at the same lime produces a good 
cooling effect by th^. evaporation of liquid water (t/ pp. 240 
and 241). I 

Now follow the strings of cooling-pipes, d b\ ' 1 'hc figure 
^ows a length of about^ 80 ft. of these, whicl^ ij^ produced by 
carrying the pipes up and down^l an arfgle of 65 degrees, 
the trestles carr\Mng the pijxis being arranged as ladders. This 
arrangement will, of cou».'»e, be modified’ according 10 local 
circumstances. Where Iher^ is not enough horizontal space 
the pipes ma^^lje cartidd ijerpendicular^y up and down, Its 
sI!own in Fig. i35«(p. 334); on the other hand, where the 
condensers are at a greater distance, the cooling-pij:>cs arc 
carried in a straight row. Even then they must not be laid 
horizontally, but with a little fall towards the first receivers 
C^C. From the lowest points of the cooling-pij^es b b' the 
condensed acid must be continually run away by a swan-ncclc 
pipe or similar contrivance. 

For less intensive work, up to 5 tons of salt fxjr twenty-four 
hours, a single string of pipes of 8 or 9 in. width is sufficient. 
For heavy work, up to 10 tons per diem, we must either 
take wider pipe? (i2^in.), or two rows of the narrower pipes. 
The latter is rath^ more expensive, but is preferable, both on 
iccount of the superioj cooling effect and because it is not easy 
:o make good round bends of large width, whilst angular beads 
ire objectionable on account of the draught. 

Now comes a series of six stoneware receivers, C C', of the 
)njinaiy shape, as shown Fig. 88, p. 272, with an overflew^ 
rom the bottom of each bottle to the middle parf of the pro- 
dding bottle. The acid coming from the plate-columns E E' 
•uns through the bottles in an opj)o^ite direition to the current 
of the gas, and runs out of the first bottle full strength. Since 
here ijuch HCl is condensed ?rom the ga.ses, pnd much f eat is ^ 
thu^iberrted, the connecting-pipes c if are s;arried up high, and 
aerve as cooling-pipes. For heavy work (above 5 'tons salt per 
diem) we must either employ a double row of such stoneware 
receivers, or else larger stone cistema). * 

^ Now folldwfi the plate-coljnuis E E' themselves, one each 
Ipr the pan and roaster. The pan ceruinly giwrs out twice as 
mtiqh HCl as the roaster, but tl^ roalter-gas is so much more 
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dilute that here, as^in all other parts of the condensing-plant, 
quite as much condensing-space is required for the roaster- 
gases. 1^-xperience has shown that a plate-colflmn of sixty 
plates, 2 ftr 2 ii^ wide, is suffici(uit for the pan, and another 
such colunTn for the roaster, up to a decomposition of 5 tons 
salt per clieirt? JThis mciins a column 1,6 ft. 6 in. Wgh over a?i. 
Where more sal^ is decoyi posed, wider columns must be 
cmployf^d. The largest jjlates now made (2 ft. 8 in. diameter) • 
will suffice up to 10 tons of .salt ppr day. The holes in the 
lower ^jlates are made 7 mm., tho.se Jn the top plates 6 mm. wide. 

• The feeding of the plate-columns is regulated in such 
manner that on the one hand a// the HCl i.s* condensed, ard 
on the other the acid comes out sufficiently strong. As a rule, 
if it i.ssucs from the columns at 25" to 28' Tw., it will come 
up to 32'' or 36'' in the receivers C C' or cisterns. This will 
take place, tt)gelher with complete condcn.sation, if the plate- 
d)lumns do not get hotter than 50" or 60"' C., which is easily * 
attained with the cooling-plant de.scribed. In countries where 
in summer the columns become hotter than that, they may* 
be cooled from without by running water over them, taking 
care to prevent cracking of the cylinders composing the shell 
by incautious work ^ 

The cylinders might, of course, cra<!k even without such 
external w'ater-cooling. if the ga.ses arc not sufficiently cooled 
beforehand. In order to prevent any trouble on account of 
such cracking, each cylinder ought to be strengthened by tw'o 
iron hoop.s, covered with lead or carefully tarred spun-yarn, 
qj else the}’ may be surrounded with copper-wire netting, 
afterwards covered with tar-asphalt, as proposed by ^Ir 
Rohrmann. 

Behind the plat^ a:olunms we mu.st have .some contrivance 
for catching the acid mech^nicalK' carried aw ay by the draught 
• This can be done, for instance, Uy a 6-ft. column of coke put 
on the top of ihc^^date-column itself But as this^soAif’hat 
interferes wilh the draught, owing \o the small width of the 
coUimn, y^c ma)' employ a lar^^ stonew are bottle, F F', placed 
in* the conduit’/ /' leading from the columns to the chimney- 
flue, The “ sight which sen es for sampling /he exit-gas, is 
best placed behind the ?a.st receiver (not in front of it, as shown 
in the figure). 
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Nahnscn (Ger. P. 63036) describes a fiym of plate slightly 
differing froip the ab(wc. 

Practical Results ebtained with Platc-toivers . — Mr G. Lasche, 
manager of a large German^alkali-works (Messrs Matthes & 
JVeber, of Duisburg), has mide 1 detailed report on the plate- 
towers erected there, of \^hich the following 
is an extract, together ‘with Dr •lunge’s 
comments. 

The saltcakc furnace.'f at that works* 
decompose, per^ twenty-fonr hours, ten 
charges, togct(^er 4 tn-ts* 5 cwt. rtKk-salt 
( = 30 tons |X!r week), and one of them was 
pnjvided with the following ctmdensing- 
plant : — The pan -gas and muffle-gas pass 
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separately through about 30 ft. of i6-in 
pipes into an empty tower lO to 13 ft. 
high and 3 ft. wide, in which a little 
impure acid (contaiping much sulphuric 
acid) is condcn.sod ; then into a similar 
tower, filled with coUe, but not fed with 
water or weak acid (which might be done, 
if required, for washing and cooling the 
gases) ; then through an empty earthen- 
ware receiver into six .stoneware receivers, 

< f a capacity of 66 galls, each, and at last 
(after having thus passed a cooling duct of 
a total length of about 130 ft.) i: I* a “ plat j-tower,” as shrw'ii in 
Fig. 123, This consi.sts of nige cyliildcrs, 3 ft. wide and 3 ft 3 in, 
high,^thc three lowest over the bottom cylinder cf>ntainif g sixty 
l^ungc-Rthrmann plates ; then follows an empty cylinder, 
then two cylinders, filled with coke (resting on ^ carthcriwarc 
grating), and at last two e mpty cylinders. JThe piatcs*arc 
supported by ring-bearers, shown in* Fig. 124, 2 in. high, and 
tightly ground upon one another; th^ plates themselves have 
a diameter of 2 ft 2 in. The fifteen ijottom pkites have holes 
12 mm. wide, tne .ncxt thirty-five jSlates holes of 7 mm., the 
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last ten plates holej^ of 6 mm. The space between the outer 
shell and the inner cylinder, formed by the rings, is filled with 
pebbles. The cover of the tower is provided with an apparatus 
for spreadiilg the, water. The cxit-fjipe below leads to a “ sight,” 
serving at the same time as a, regulator for the draught, and 
then into a flue leading to the chimney. . 

A first attempt 'to worlf without the six receivers was not 
successful, as might have been expected, the strength of the 
acid varying too mitch ; also its temperature varied between 
30® and 60” C. When the receiver^ had been .set to work, the 
stivngtb varied only bctw^cen sp. gr. f-i6i and‘’ 1167 at I5®C., 
and it averaged 1-164 at (all .specific gravities ai^ 

reduced to IS^C.). 

An arrangement had been made for taking samples of the 
acid coming down from the coke before reaching the top-plate. 
This acid, as a remarkable fact, showed at the pan-tower sp. g**. 
from i*io8 to 1-158, average 1133, and at the mufifle -tower 
1-067 to M2 1, average 1-094. Of course it was impo.ssible to 
imagine that a corresponding quantity of HCl could have 
escaped condensation on the plates, or that the 6 ft. coke could 
have condensed so much ; evidently ver)' much liquid acid had 
been carried away mechanically from the small holes in the 
plates by the draught, and mechanically retained by the coke. 
The temperature of the ga.ses entering the first receiver in 
the pan-set was 1$"" to 55^ average 34'’ ; in the muffle-set 15® to 
59“, average 42'' C. ; always highest towards the end of an 
operation ; on entering the plate-tower in the pan-set, 14® to 37® 
(average 24'), in the muffle-set 16® to 38® (average 28®). The 
acid running from the first receiver in the pan-set show’ed sp. gr. 
M41 to I - 1 70, average i- 160, in the muffle-.set M52 to M75, 
average 1163 ; between the tt)wers and the nearest receiver in 
the pan-set 1-13610 1-162, avrrage 1-148 ; in the muffle-set 1-132 
'to 1-162, average 1145. During 6ctobcr 1893, 281 charges of 
SJ cvvt. rcKk-salt c^ih were made = 119 tons 8J cwt, ^ifch* 
yielded 218 tems 16 J cvvt. hydrochloric acid of 1-162, or 183-2 
per .cent 0*^1 the rock-.salt dccorhjx)sed. (This is a yield not 
attaVied by rtw/ other condcnsing-plant ; </ Chap. IX., where the 
figure stated for plate-towers refers to the present case.) The 
temperature of the exit-gases was 30® to 40®. Mr Lasche also 
ascertained their acidity, btt he tested only for total acidity, 
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without deducting SOj and SO^, fiis figures cannot be com- 
pared with the English Alkali Insj:>ccloi^’ tests. Anyhow, 
such isolated \ests, in which sc much depends ufX)n the manner 
of collecting the samples, e»:c. arc not to be considcrctl against 
the fact that by these plate-towers more acid was'eondensed, 
and therefore less acid must h?lve escajxid than in any other 
known case. .* ^ 

After thus proving, by a prolonged practical te t, that the 
system, as first erected, absolutely .satisfactory results, the 
owner of the works tried some further experiments. Upon 
removing the coRc the yidd fell to 1 69*6 \)cr cent, acid of I*!;;, 
\\ 4 iich is still ^cttcy than many works obtained. The best 
results were obtained by regulating the draught in the sights 
so that the anemometer in the cxit-piix.' showed an inward 
pressure of 6 mm. of water. 

, It was now attempted to replace the coke by adding to the 
sixty plates already pre.scnt three plates with 5-mm. holes ; but 
this had to be abandoned, because the draught was too much 
* interfered with. Instead of these, eleven plates with 7-mm. holes 
were inserted, which caused an increase of the draught in the 
exit-pipe to 12 mm. water-pres.su re in the anemometer on the 
pan side, and i^mm. on the muffle side. The yield now rose to 
1777 per cent, acyd of 1160 (M44 to m6i from the pan, 1*150 
to 1-164 from the muffle). Although this is decidedly a good 
yield, it is inferior to that obtained with the 6-ft. coke column, 
as was also proved by the greater acidity of the exit-gases ; and 
it was therefore decided for the present to retain the small coke 
column on the top of the plates. Mr Lasche points out that 
probably cverj'thing needful would have been obV lined without 
the coke, if in lieu of the fifteen plates with 12-mm. hole.s, plates 
with 7- or 6-mm holes had been <^m ployed, for the former kind 
of plates, the earthenware surface pi which is only very small, 
did oractically no condensiiTg work at all, as evidenced by the 
•ftR. ^har.the tower remained quite cold j^p to the place where 
the 7-mm. holes commence. We mu.st also adek that the inner 
cylinder, formed by the ring-bearer.s, and the statB)pary Jaycr 
of air between these and the outcj; shell mftst have greatly 
interfered with tlie radiation qf heat from the tower ; this has 
.been avoiflcd by a new design in \ *uch the Jng-bcarers arc 
entirely ^bolisked. • 
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The Duisburg experiments have absolutely established the 
success of the plate-tower system for hydrochloric-acid con- 
densation, and they have specially proved that Dr Lunge’s 
claim that ’a pla^e-tower possesses ten to twenty times greater 
condensing-power than an cqu^l space of coke-tower, is per- 
fectly correct; a^lthough -this liAs been impugned by Hurter.^ 
Even if we compi^isc in our calculation the inefficient lower 
fifteen plates with i2-mm. holes, the inner space of the plate- 
tower, so far as it contains plates, is only 2 ft. 4 in. wide and 
10 ft, high— that is, for both towers together just 74 cub. ft. — or, 
with a weekly dccomposftion of 30 tons salt, = 2-46 cub. ft. per 
ton per week. In well-conducted Englishci works, according to 
the Alkali In spa tors' Reports, the coke-tower space for con-- 
densation averages 50 cub. ft. From this we should deduct, for 
the present comparison, the space occupied b}' the cokc-column 
emplo)'ed at Dui.sburg, amounting in all to 49-3 cub. ft., or 1-64 
ciJb. ft, per ton per week, leaving 48-36 cub ft. of ordinary coke- 
tower space as equal in value to 2-46 cub. ft of plate-tower space. 
This is really about twenty tunes as much, notwith.standing that 
we have taken in the 12-mm. hole plates, and although the 
Duisburg towers suffer from the above-mentioned drawback of 
insufficient cooling by radiation. Nevertheless the yield of acid 
was better than with the mo.st gigantic coke^towers, and the 
variations of .strength no greater than wit,h the.se. 

Dr Lunge also recommends the employment of the 6-ft. 
coke column in addition to the platc-tow'er, as it costs next to 
nothing, and is very u.scful in effecting a better .spreading of the 
Winter and in retaining the liquid acid mechanically carried aw'ay, 
and in keepiitg a certain .stock of fresh water for washing out 
the la.sl traces of HCl. 

The new design oP nlindtrs for plate-towers, which entirely 
does away with the annular bearers, is showm in Fig. 125. 
*Thc cylinders arc provided with four small lugs, a a, for^each 
plate. The plates ar^cut out in corresponding placers .so fffat' 
they can be let down into their proper position, whereupon 
they, arc tufned a little sideways that they rest on the lugs. 
Thc‘ cut-out places, whicU would form fal.sc gas-channels, are 
then filled up with special wedge-shaped pieces <a 5 showm in 
Fig. 126, * 

’ Cf. /. Soc, Ind,, 1893, P- 
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Later on^ Lasche reports further trials with the Lunge- 
Rohrmann plate-towers, a little wider th^n those originally 
employed by him {suf>ra, p. 327), viz., 0-803 m., but otherwise 
constructed in the .same way^ vi/ , with annular bearers and 
quartz packing between these and the outside pi[XiS. leach tower 
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\ ' 

Fic. 126. 

posscs.scd thirty plates with 7 mm. i^IjIcs, and thirty with 60 mm. 
holes. The acid obtained averaged 20-rB6. (= 
f S*L.* Tke yield was 169. 3 parts to 100 rogk-salt. By removing 
eight plates and putting on 6 ft of coke, the )’ield*was increased 
to 183 or 184 parb of acid, i^asche ascribe s die rttcrssitji of 
employing this layer of coke to the .strong draught required, 
but he belie^ef^ tliai it would be unnecessary in the case of plus- 
pressure furnaces. 

‘ Z. antrew. Chemm P 3^4- 
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Niedenfiihr' confirms fi?om his own experience the excellent 
results obtained elslwhcre by Lasche with the Lunge-Rohrmann 
plate-towers in the condensation of hydrochloric acid, which 
in his case was rendered more than usually difficult by the 
employment of 'waste acid from ^the refining of petroleum fgr 
decomposing •the salt, entailing’ a copipus evolutidn of sulphur 
dioxide. * i ^ 

Olga Nicdenfiihr (Ger.* P. 197022) describes a few modifica--- 
lions of the ordinary plate-tower, suph as cylinders for support- 
ing tlje plates, bevelling margins of these, etc. We cannot as 
y^'t report on any practical succc.ss of- ^hese mbdifications. The 
same holds good of her Ger. P. 205^^, of 1905. 

Further Improvements of Hydrochloric-acid Condensers. 

Special Descriptions of Packing for the Tozvers. — For a long 
time attempts have been made to replace coke as a packing 
material for condensers by earthenware pipes, dishes, etc. 
Especial 1 )' .si rice the practical .success obtained by the " plate- 
columns" had proved that the hitherto generally accepted 
advantages of coke as a packing material (even later on 
strenuously defended by Dr Ilurter) were certainly much les.s 
than as.sumed at that time, and were accompanied by essential 
drawbacks, numerous attempts have been made to attain the 
same rc.sult by other means. All these endeavours aim at 
replacing the irregular coke packing by uniformly shaped 
earthenware pieces, with equally uniform interstices. 

For a packing to have a high absorption efficiency, it must 
jfrovide : — ^ 

(rt) A large surface of contact between gas and liquid. 

{b) C'onstant relative m<^tion at the interface of gas and 
liquid, ' ^ 

(c) An absence of an)' stagMant areas in either gas or 
liquid. ^ ^ o 

Cd) An j^bsence of any channels in the packed tower 
through which either, gas or liquid can pass without 

S adequate contact with the other phase. 

The relative merits of \hc various packings depend on how 
well they answer the alx>ve conditions, but in addition account 
' Zeit.y 1896, p. 33. 

• A 
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must be taken of the resistance to crushing and chemical 
disintegration, also of the cost and the towel* space wasted by 
the bulk of the material 

Among the many forms of packing which have been de- 
scribed or patented, the following may bo mentioned 
*Cups (Fig. 127), cones with i dished top (Fig. 128), pijxis 
provided with internal partitions (Fig. 129', b^lls (big. 130), 
balls as patented by Guttntann, Ger. P. 91 8 1 5 (b ig. 1 3 1 ; or by the 



Vereinighte Dampfzieg*eleien, Ger. P. 191890; plates according 
to Kypke, Ger. P. 97208, rhombohedra accordir.ii to Scherfenberg 

*32). 

, ^The packings shown in Figs. 130 to 133 are all bad, and 
only illustrate the common fallacy that a compli^'a^^ed desigft 
indicates thought or special knowledge. Fig. 131 is amusing, 
even if misleading ; it would be» interesting to know what 
causes the air -currents inside balls. Other forms of 
packing are : Plates with douBle spiials (Plath & Hiller, Ger. P. 

pipes arranged in a chamber (The^aker and Auanison 
Chemical Company, Ger. T. 104544), porous artiHcial stone in 
the shape of cylinders or ernes, open at both tnds, with 
horizontal partitions (Wilisch, Ger. 173612).* • 

The Ma>’or^ Aldermen, and Citizens of the City of Bradford, 
together with Messrs Wild & Shephea^ (B. P. 19001, of 1906), 
employ a (ow'cr, packed with layem <if .strips of glass, arranged 
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crosswise and placed on edge or \n\ slanting position. The 
ends of these strips fit into grooves of built into the 

casing of the t*ovver, and are supported in this way. The height 
of the strips is rather less than that of the bricks, so that a 
space remains between each layers. ^ 

Guttmami (B. P. 4407, of igo^) cmploj's hori:^ontaI pieces 
of channel-shaped section* as shown in Fig. ♦ 3^ provided with 
''iioles for the pa.ssage of the gas, "and with shoui Icr-.slrips, 
enabling them to be built up as shown in 4hc figure. 

Petersen* (Fr. P. 382262) employs chambers filled^ with 
prismatic bodies li.iVing^a^ cross-section in the .shape of an /J, 



I'lG. 133- Fig. 134. 


the inclined faces being covered with a network of gii>oves 
packed like chequer brickwork, with cither their larger or 
smaller parallel faces uppermost. 

*The Charlottenburger Tonwerke sell “artificial coke, made 
of stoneware.” It has the outward appearance of gas-coke, and 
it is acid-resisting. 

Rabe’* discusses these propojyls anS describes certain 
“angular bodies” for packing towers, , 

%«#tKiissniaul (Ger. P. 194293) provides packing materials with 
a channel in the shape of a screw, which ^compels the liqpid to 
travel over a long distance. A projection at the lowest point 
of the cup at the top causes fhe liquid to be equally distribited 

over the channel 

• • 

• J. Soc. Chim. Ind.^ 1907, p. 1 1 Jb. 

• * Z. uHgew, Ckem.^ 1903, p, 4^, and 1904, *p. 78. 
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A cheap and useful fSrin of rinj^ packing can be obtained 
by using the common English field drain pipes. These are 
made in various diameters, the best for tower *packing being 
3 in. or ^ in. They are usually made 12 in. or 15 in. long, 
but by artangc^Ticnt with the nSakers can be made 4 in. and 
6 in long. J'hough much cltcaper tljcy are not*as strong as 
rings of carth(?n\Mare and sjiould onfy be u.scd on small towers, 
say up to 15 ft. in height. * * 

A good .shajK' lof packing whicl^ deserves special mention is 
that l^nown as “ IVopeller Tower Fillings ” (Fig. 134). These are 
ipadc by John Stathami& Sons, vCiiKl^or Bricf^, Manchester. 

• 

Cisterns provided zvith Spray~prodnccrs. 
hislead of simply filling the acid-cisterns with water, and 
thus acting upon the gas only by a condensing-surface equal 
to the horizontal area of the tank, Newall and Bowman (patent 
of 15th June 1874) have applied a principle long known for 



*'‘G- 135. 

cooling and washing gases, viz., a very finely divided spray of 
water. The novelty of their pit)^ess only consi.sts in the way 
in cvhich the spray is pr^Kiuced. Fig. 135, together with the 
following description, will show ^his more clearly, , 

The ga.ses are introduced into stone cisterns 6 ft x 6 ft. and 
2 ft, high : here Ihe gas meets^a spray of water filling the whole 
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space of the trough in the shape of a fine which washes the 
HCl out of the gas very quickly and complcjely, so that twelve 
such sprays cfre sufficient for four dccomposing-fumaccs. Jn 
this operation the latent heat of the HCl vapour becomes free, 
and the temperature of the gas is very much raised thereby. 
Tlie gas mtist therefore be intioduccd by a nujjiber of com- 
paratively small pipes, in^ Order to ^ct as mv ch^cooling-surface 
‘•as possible, and the pipesMnust be beift upwards and u )wnvvards 
between each two tanks. !'>chind the lasUtank a small coke 
condenser should be placed about one-quarter the size of an 
ordinary condcnilCi The* acid in thc^ cisterns gets up to ^ 

’ stwngth of 33 '’T\v. ^ 

The principal condition is the generation ol a sufficiently 
fine mist,^ which is obtained by allowing the water to run, 
under a pressure of nearly three atmospheres, through a 
platinum nozzle of -jVin. bore on to a small button of platinum 
fixed J in. below it, from which the jet is thrown btick and a 
very fine spray of water is generated, Sirlcc the fine outlet of 
*the nqzzlc is easily stopped up, the water should be filtered. Of 
course, instead of water, dilute acid may be used. The inventors 
expected that their tanks would not interfere with the draught 
to the same .extent as coke-towers, and that the process would 
therefore be applicable in many other cases — for instance, in 
washing copper and lead smoke, in the scrubbers of gas-works, 
etc. It has not, however, fulfilled the extremely high expecta- 
tions with which it was at first welcomed, has been tried 
in several places, but given up again. The main difficulty i.s 
th^t, in consequence of the very high pressure and the fine 
openings (both indispen.sable for producing a misp, the orificb 
of the nozzle is constantly getting stopped up, even if filtered 
water be used, which in itself ia a very onerous condition. 
Recently the water-spray appara’i^s have been very much 
improved, so that more succeife in this line is po.ssible. » , 

^^Miii^thi.*^ connection mention nay be made of Hurter'. state- 
ment,* according to which the condensatl?)n by jiquid divided 
into a spray is theoretically much less fav ourable! than the 
other methods of condensation. Lu»j^e showed that the basis 

* €/, the a^flication of this pritvpiple to Sulphuric Acid chamben, 

Sulphuric Acid volume. * 

* /. Soc. 
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for this calculation is a verj uncertain one. Hurter contradicted 
this, but without ^adducing sufficient proof for his opinion. 
(For various references, see p. 242.) It is true^hat the con- 
densation, by sj)ray has failed in various places, but in others 
it has suc#ccdc?l. Thus the offiiial French Exhibition Report 
for 1889, Claj^ 45, p 71, statcs*lhat at the Petit Qieviliy vvorRs 
the condensation ^lias been greatly* improved by means of 
a water-spray in a wash-tower A'Ciii)’ modern works use^ 
sprays in combij^ition with tlltir scrubbing towers and 
particularly in the final tower. 

Most spray-producers have fh(4 disadvawtage that, even 
\s^en the nozzle is made of platinum^ the ori^cc is gradually * 



cnlargetl by the friction of the water forced through, so that 
their function is modified. Nozzles of the well-know'n 
cxtrcincK’ hard alloy of 90 parts platinum with lO parts 
iridium woufd undoubtedly d<» better, and gla.ss is still better. 
Probably Kortings .spiral spray - producer, Fig. 136, has been 
found u.seful in practice, 

Th<i Deutsche T<mi- un(f Stcinecugwerkc of Charlottcnburg 
suppl)' tu)'eres, .shown in P'ig. 137, made of stoneware, 
interchangeable cone; which greatl}- facilitates the cleaning, and 
which pnu|uces a mist entirely fryc from larger drops. 

^\V. Feld (Grr, V. 188656) prolnotes the action of gases on 
liquids b}' raising the liqiiid by means of centrifugal force and 
atomising it oi\ discs in r horizdntal direction. In this manner 
it is projected tiwigentially^w ith great velocity, whereas the gas' 
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^'- 7 "^’ "'■ ' 907 ) produces, by means of 
centrifugal force, a rmg of liquid through which* the gas 
must penetrate. If water, ett, enters a revolving 'c\ lindrical 
of eone-sha,fcd vessel, rentrifugSl force makes ft rise along 
the circumference, so thjt the botfom becohie's free and the 
iquid assumes the shape of a floirting and revolving ring, 
f a second (stationary) cylindrical vessel if suspended within 
the first, the annual space toivecn this and the outer vessel 
IS filled with tW revolving liquid. If a ga.s is introduced 
th»ugh the bottonj <4 the inner vessel, this ix'netrate.s into the 
liquid ring, rises in this and takes part in the revolution. 

Verj' similar to this is the B. P. 23330, of 190;, of Peat and 
Bonin. 


.Kortin^- Brothers (Gcr. B. 190625) extract soluble gases and 
vapours or dust particles from gases by aspirating these in the 
well-known manner by means of an absorbing-liquid, finely 
dividod by a spray-jet. The liquid i.ssuing from the spray- 
producer is separated from the residual gas and is u.sc(l over 
again in the purifier. 

Ephraim, (Gci» P 1^63370) removes the mist from the gases 
by heating these uytil the mist has been nearly, but not entirely 
gasified. In this prtKcss the bigger drops remain behind and 
on the subsequent cooling the vapour is cond/nsed on tneir 
surface to form still larger drop.s. Ostwald (Gcr. P. 195080) 
aims at improving this action by exposing the foggy mixture 
to alternate changes of pressure and temperature, preferably bv 
mc.ms of producing suitable sounds therein. By these changes 
of pres-sure the vapour tension of the droplets is changed. 
On the diminution of pre.ssurc tlK* .smallest drops evaporate 
first; on rai.sing the pressure Biggest drops are most 
enlarged, so that the changes of pressure cause an cnlarg^emenb* 
bigger drops at the expense of the .smaller ones, and the 
mist is condensed. * ^ • v 

Attention may also be dir(jpvcd to th^ *' ga.s-filtcr.s,“ de.scrij;)ed 
on p. 404. 
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Special Forms of Acid-Condenscrs. 

b^• by FrycT, i.s described 

b> the Alkali Inspectors iPourtcenth and Fifteenth Report 
P- 114 ), and ,n the last editioti. Vol. II„ pp. 387, 388. Ve 
re er o ihaf dcsxnption, as ’the apjjaratus evidintly did not 
ansiver its purposi, and waiwdiscontinged after a short time 
IX Herman (H. 1 >. , 7255 , of 1887) proposed condensei« 
consisting e„tircKA.f a lar.e- m.mbV of glL pipes, i„ S 

, These pipes «erc to be filled «ith i5ieccs of edass and 

dl".?, ■' “™" • 

clear that iio such apjiaratiis «as then in existence 

Another condensiiiK-apparatus, also consisting- of class tubes 
- .nt., ed for very dilute hydrochloric acid.^uclt i^S 

ehlo m 1 -i -T '"-'‘■'ufacture. of 

r!^rr r' as 'X'’ -T R. IVchiney & Co (B P 

sides!,. 

vh,,s( ■" dcs pass a large number of glass tubes, slightly inclinecf 

Idiev'm- -a thd?T'^^ °«'- 

with' by india-rubber joints 

rub c ■-‘-.ai.sonitted with i„dia: 

.fJ..,:.™;: zt;;:;::* rj:; 

their lov.er ends ,n,l ;s t1. 1 ^ ^ 

renuda du u fi ll n 'he inlet, they 

ward! t ^ 'i-™- 

i-Kl the acid condense;? /rom'it inhirdeuir"'"’’’'' 
dilute gases. ’ “PParatus answers admirably for very 

^^iv.!^I;e tTLcS' I'?,’ --hanical con- 

cyhmier wdiick nK.vSupw,S7ami I'"'"'' 

filled with- water and diLe aL'd' i 1 he’nr 

thd descent of th; - h II ' P ‘ manner of a piston. On 

y. Soc, them Indy 1890, p. 147. 
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Hannay (B. P. 16290, of 1886^ dcsoiibes a condensing- 
apparatus on the follo\vin[; principle .‘—Perpendicular nets are 
suspended in a trou^^h through which writer is constantly flowing 
and into which the bottoms of thi! nets dij). • 

^ Weidig and Rcmmcy (ft. P. 10S2, of 1888)^ construct 
absorbing-towers of a.numbei^of superposed • earthenware 
cylinders (Fig. 138), closed at 
^e bottom, open a; the tofj, wUh 
an inner overflow, K, about tinir- 
fifths way up, on alt<*rnatc sid^'.s, 
through which ^carh c^'ltnder 
coiflmunicates with ^h;it next 
below. Each cylinder also has 
an outer projection, F, o|X-‘n at 
the top, at the same height as 
tha overflows M Two such 
towers are combined The gas 
descends in one and ascends 
in th» other, and on its wa)” 
gives u[) it.s HCl to the water 
standing in the cylinders. When 
the acid has* got ^p to .strength 
in one of the tower^thc ga.seous 
current is reversed, sp .is to 
descend in the .second and to 
ascend in the first tower. When 
the acid in both towers is up 
to .strength, the troughs are 
empiied by siphons through 
the open projections F’, and are 
recharged with water. [This 
apparatus might replace the ordinary<^t( neware VV^oulfc’s bottles, 
uhere economy of space is an object, but it will probably act ' 
nCc^rhuch better than thesc.J ^ 

Doulton and Sanccau (B. Ps. 14766 and i4f6S, of ^1894) 
describe a tower built up of stoneware jylindeis, packed with 
short c>dinders perforated alternately in the centre and at tfie 
sides, or tile.s })ocf »rated in various way.s.^ 

. The Baker and A<k mson Chemical Co. (Ger. P. 104544) 
employ a number of ^c) binders, arjang^ for catching the liquid 



Fi(i. 138. 
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at alternate ends; at one s*ide they communicate with a 
gas-djviding chamber, at the opposite side with a chamber from 
which the residual gases can escape outside. 

and”an'rn^”'‘^' tower 

and an inner concentric cooli ig.pipe. The snare heh.! 

Of 1898, and Har(»s U.S. [’.^,466. . 

Demt'r t" “cooling-erements" (supplied by tht 

ma^.^ Stemneugwcrlie. of Charlottenburg), which 

»r'l^ \ Pf condensers (also to plate- 

aoljmps)^ they arc provided with' separate water-pipes^ and 
thus prevent anj- injurious rise of temperature' ^ ^ ’ 

denW , (Gcr. P. ,95525) also provides the con- 

?hrouS thlTl " f d """''■"E-P’P'-''*. one end of which passes 

In o£ii w t ‘ ‘i with 

«<■ consists of 

!’'nglc pi|x:-clcmcnjs, combined to long strings by means of 
connect, ng-arches and placed in cooling boxes ^ 

prcaK«cTbl.T',"’n‘’'' " circulated, is also 

proiKxscd by K. Leblanc (Pr. P. 462712, of ,9,3). 

fictorv ^tcinzeugwerke and the Euskirchen 

iactor> employ condensers with undulated siifes.' 

for , J’- '94567, of 1908) constructs apparatus 

Sh ah T T"- by thefr'^action 

• -•'Oi mg liquids (c.^., when expelling bromine by steam) 

whicn does not apply to our case. ra>ne oy steam), 

of Spa ial Absorbents for Hydrochloric Act'd. 

A proposal made h\' IVccht TGrr i j 

ZcZti "" '™""— b“.'rr 

»mpo..d and .k -cli„- Thi. 

pd s.flcrs tinder the drawback that the SO, and SO of the 
famace-gases-must hav^ a very injurious .aionTi^Xl. 

with afr ha CT""* ^ it® mixture 

«ith air hair been pafented by Buisine (Fr. P. 22280,). He 

CAnM 1937^ pp, 2Q2, 
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employs pyrites-cinders, moistened with w .iter, which are said 
to very completely absorb the hydrochloric acid. According to 
the circumstances, either S9ljd I'erric chloride or a solution of 
the same is formed and is utilised at will • 

At the Uetikon chemical \torks near Zurich the last traces 
of*HCl front saltcake-fufnacc gifees arc rcmoveil by passing 
them through finely divided mct^yiic tin, aftid* collecting the 
'tannous chloride formed.* 

Carulla (B. P. 19920, of J909) propo.scs Bie use of iron for 
the same purpose. Some or all of the receivers or towers are 
packed with scra^-iron or^mil <3 steel, ferrous chJuridc being thutf 
formed and hydrogpn^evolved. The chloride is then converted, 
by precipitation, into iron oxide {e.g.y as in B. P. 27302, of 1908 ; 
/. Chem. Soc, 1909, 1126), and, since very dilute solutions are 
preferable for thi.s {)urpo.sc, the absorption of the last traces of 
hydrochloric acid is rendered very ea.sy by this process, the 
ferrous liquor plant being conveniently placed at the end of 
the system, and hydrochloric acid of high ‘strength being pro- 
duced^if desired, in intermediate parts of the plant. 
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Tin: MANi’i >'TUKi: or iim)1<ochlokic acid from 

, ( flLORINF 

< 

1m)R a century the main source of chlorine Ras been hycjfo- 
chloric acid, but recently the tables have Been turned. The 
constantly increasin^^ production of electrolytic chlorine has 
led to an over-production of this material, and it is now very 
lar^^el)' used for the manufacture of hydrochloric acid. The 
methods used fall into four main ^^oups : — 

(1) Direct combination of the chlorine with hydrogen. 

(2) Interaction with steam in presence of a cataly.st. , * 

(3) Interaction of chlorine, w'ater, and carbon. 

(4) Interaction wdth an organic material containing 

hydrogen 1 

(5) Simultanec)us production of hydfochloric and sulphuric 

acids from cldorine, steam, and sulphur dioxide. 

Of these, the fir.st is that most generalfy employed at present. 
It [iresents few difiicultics, gives a pure acid, and provides a 
use for the electrolytic hydrogen which is usually available 
in the factory where the chlorine is produced. Electrolytic 
*nydrog''n is. however, of considerable potential value, and it 
seems highl}’ probable that it would be used for some other 
more remunerative purposcothan the production of hydrochloric 
acid if chlorine could be giade into hydrochloric acid by some 
, other ohcap process. The main attraction of the fourth group of 
processes lies in the value of the organic by-produejs ob*aijjd 
in miftst of th<;sc proc\isscs, 

„ (0 Ais'd fro»\ Chlorine and Hydrogen. 

Hydrogen and chlorine do not combine ab atmospheric 
pressure in the dark, fti diffused daylight, gradual combinatiop 
takes place, w'hilst in a bright light combination occurs with 

i«s 
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explosive violence. It has been fcfuncl ^ that the presence of 
moisture is necessary for combination to occur, and that there 
is a definite time interval before combination is rapid. There 
is considerable evidence* that an intermediate compound, 
probabl)' of chlorine and water, is formed. s 

Experiments on thc^ influent' of temperature* on the com- 
bination of hydro^am and cjilorine have giv^n n'cry liscojxlant 
./csults, apparenth' becaiic of the sifrface effect of the e >ntain. 
in^^ vessel. The mixture Inis been heatt*! to 440" without 
explosion, but under ffifierent conditions has exploded 
at 150". • ^ • 

• An mvesti^Htiifti^ of purely scientific character ofi the slow 
combination of cldorinc and hyilrogen at hij;her tempera- 
tures, which showed very complicated conditions, has been made 
by Sirck.-‘ 

, flydro^^cn may be burned in an atmo.spherc of chlorine, or 
chlorine in hydrogen. The combination is strongly exothermic : 

^ H, Cl 22,000 cals. + 0.9 /. 

• 

Naturally precautions arc nece.ssary to prevent mixing of 
the gases prior to starting the regular burning. As it has 
long been J<no\Mji that chlorine can, with proper precautions, 
be burnt in h)'drog<fn or vice versa, recent work and i)atcnts 
are directed rnafnly to defining conditions or sugge.sting 
catalysts which ensufe that the combustion proceeds "i'di- 
out detonation. 

H. and VV. Pataky (Ger. P. 1142 19, of 1900) pa.ss a mixture 
of chlorine and hydrogen containing rather mbre of the latter 
thpn is required to form HCl, into an apparatus contain iil^ 
coarsely ground wood-charcoal, heated in a water-bath. The 
gases combine to form HCl by the^nrfacc action of the charcoal, 
which absorbs the gaseous HCl ^lore detonation can take 

place. When the maximum of HCi has been fixed .b\ thg 
the HCl further formed drives out that which has been 
previously absorbed in the charcoal. # 

* Draper, Phil. Mag., 1845 [ijij, 27 , 327, and previous Papeis; p. V. 
Bevan, Phil. Tram., 1903, A, 802 , 71 ; Bui^n and Rflscoe, Phil. Tmans., 
1857, 147 , 3 f 5 ^ 3 ^*» 601 ; Pringsheim, Wied. Annalin, 1887, 88, 421 ; 
H. B. Baker, Tram. C/urr. Sac., iSgA, 66, 

* Z. phjuih. Chem., 61 , 545 ; Chem., Qtntr., 1908 , 1 , < 520 . 
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Hoppe (Ger. P. 166598, 1905) causes a mixture of chlorine 

and hydrogen to a(^t upon metallic chlorides, decomposable at 
high temperatures by means of water. • 

In a biter patent, Hoppe (Fr. P. 418731, of 1910) is 
more specific, and describes a process depending on the alter- 
nate hydrulysjs of .‘^tannous chloride and re-fotmStion of the 
normal salt Ir* }>[actice the stannous chloride is to be used 
as a catal}'st for the react icAi*bc tween dilorine and water. r* 
J, L Roberts (Ger. P. 194947) [Masses molecular (or nearly 
molecular) quantities of chlorine and fiydrogen by separate pipes 
into a mixing chamber, yvhere they a^mbinc at once with pro- 
duction of<i flames That chamber may hav6 tHb shape of a 
the gases entering through the two branches. If the gases 
issuing in the beginning from the third limb are ignited, the 
flame goes back to the point where the gases meet, and here 
quietl)' burns on, with formation of a continuous stream of HCl. 
The combination is perfect, and furnishes at once pure hydro- 
chloric acid. 

Soc. Italiana di Klcctrochimica (Kng. P. 24024, of 1914) 
manufacture hydrochloric acid by burning hydrogen in chlorine, 
or vice versa. The cylindrical combustion chamber has a 
dome-shaped roof through the centre of whioh pa.sses a pipe 
leading to an aspirator, and a number of \>bservation-windows 
made of transparent quartz. Hydrogen admitted through a 
[)ipe in tile middle of the base pas.scs info a central box, from 
the top ot which it issues through eight burner nozzles arranged 
in a circle. vSurrouiiding this is another box fitted with seven 
nozzles which supply the chlorine, the inlet tube for which 
pKs.scs ioto the chamber through a pipe in the side-wall near 
the ba.se. rhe hydrogen is first ignited in the air initially in 
the chamber, the gaseous proriucts arc drawn off, and then the 
chlorine is admitted’ The supply of both gases can be 
regulatetl, there is no risk of expliTsion, and if the temperature 
gets loo high the chlorine may he diluted with air qr wiih 
inert ^ 

Gibb.s (y.S. P. 77999®. of 1905) proposes to make hydro- 
chloric acid by .conibinatien of hydrogen and chlorine using 
an excess of hydrogen. 

F.ngclstad (JJ.S. P, u 2 1910, of 1914) also uses an excess 
of hydrogen, but* adds alsc^. a little air in order that the com^ 
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bination of hydrogen with oxygefi may maintain the main 
reaction. The excess of hydrogen sesv^es to reduce the 
temperature *of the combustion chamber. 

Garner and Clayfon (U.S. P. 1220411, of 1917) heat a 
mixture of moist hydrogen and chlorine, in the* volumetric 
ratio of about* 50 : 35, ^to a temperature not biiJow 340'’ C. in 
the presence of wood ^^h^rcoal, ^nd the hyTlrogc chloride 
• produced is ab.so^bed iiT water. * 

• • 

(2) Hydrochhric Acid from Chlorine and Steam. 

• * • # 

It is well know'll^ that chlorine interacts with wiAcr to give 

hyphochlorous acid, which decomposes, }’iclding hydrochloric 
acid and oxygen ; 

Cl.f I1..0:?^ HCl f HOG. 

21100- 2 IICI + O,. 

These reactions proceed .slowly under all conditions, but the 
.formation of hydrochloric acid in a chlorine solution is readily 
observed, particularly if the solution is exposed to sunlight. 
A catalyst which will cau.se the formation of hydrochloric acid 
from chlorine jyid water to proceed at a fast rate would be 
of great vafue. So far no satisfactory catalyst has been found, 
though several pjftcnts have been taken out in which carbon 
is described as a catalyst for the reaction. It is probable, 
however, that in all cases the carbon is j>ed up in the 
process, though its function may be partly that of a catalyst. 

• 

'3) Hydrochloric Acid from Water, Chlorine, <\tid Carbon. * 

The nature of the reaction between chlorine, carbon, and 
water probably varies with the conditions, but under most 
conditions the reaction proceeds atcording to the equation — 
2a, + 2H,0 + C - ^HG-i-CO.^ 

No oxygen is liberated,* the whole oi ft coml^'ning v^h the 
carbon. ^ ^ 

The earlier workers in this .spjjcre all worked at kigh 
temperaturoe, ^under conditions^ which gave carbon monoxide 
jas oxidation product of the carbeJb. 

Loren^ (B. F. 25073, of 1 8^)* proposes making hydro- 
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chloric acid from free chTorinc obtained electrolytically or 
otherwise by passiijg the chlorine simultaneously .with steam 
through earthenware retorts, charged with cokl^, charcoal, 
anthracite, -or the like, and heated to a dark red heat. The 
reaction 2(^ -}- H* 0 -|-C = 2 HCl-f -^0 is stated to take place 
easily and quantitativeh'.; the diO can be cmplo^cd*for heating 

the retorts. *1 • * 

• • • • 

A. Naumann* conlrariicts the.so statements made by^ 
Lorenz. • • 

On. the other hand. NageP states that hydrochloric acid is 
foyned if a mixture (»f *steam ancf ohlorine ijf passed through 
a column iff glowing coke which is maintaii^efl^af about \ooo°£, " 

by substituting a blast of air for the mixed ga.scs at regular 
intervals. I he reaction takes place in accordance with the 
equation H , 0 -f C-=2HCl-f CO, and fairl)’ pure carbon 
monoxide is obtained as a b}'-prodiict. 

• 1 eter (U.S. P. 1229509, of 1917) gives different conditions 
for the same reaction, lie claims th^it hydrochloric acid is 
jnxluced by adding to chlorine sufficient water vapoiy to " 
orm a mixture showing practically no green colour against 
i white background (approximate!)' 3 parts of chlorine to 7 
Jarts of water vapour), and leading the mixture i^’cr carbon 
It a temperature between 100' C. and red heat. 

H. U. Gibbs ^ has inve.stigated the interaction between 
-hlorinc, w«iter, «ind charcoal, and finds that the reaction 

2 CL-f 2 H ,0 + C = 4 HC 1 + C 0 .> 

proceeds over it very wide range of temperature above 8o°, 
ffcfcrabl)' between 80 and 200 , and that large quantities of 
hlorine can be handled in a compa.ratively small apparatus. 

The best procedure is to blow the steam and chlorine 
hrough a large bCli of charcoal used for absorbing gases. 
Jmall quantities of air may be «dmittcd at the same time 
o assist in sweeping out the products of the reaction, ^The, 
eactioii, is highly exothermic. . * 

Gjbbs gives curves showing, the velocity of the reaction- 
it y, 12^ 25®,. and 37'5«, otheP conditions being constant 
n all cases the production of hydrochloric acid slowly increases 

‘ angm>. Chim., 1897, p.i 97 . * Ckem, ZeiL, 1912, 88, 54. 

’ Joum, Musi and Eng, Qktm.^ 1920, 18, 538. 
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and then falls off to a point where itVemain-; practically constant. 
The reaction proceeds much fester at the jiighcr tcmpcratuics. 
Excess of *watcf wa ^ Icmnd to be advantageous. Great 
differences wer*^ fo.nd between the reactivities* of various 
charcoals. • ' • 

There ,^rc * several .patents ^overiog^ various conditions for 
carrjn’ng out this procqj‘>^.^ ^ * 

% It seems probable that there Is a future for this proce.ss 
as it is probable that more remunerative ifscs will be found for 
hydrogen than burning it with chlorine, and there is np doubt 
that hydrochloric ai'id ^an f>e made satisfac*^oriIy and econojni- 
cUlly from chloriiic.^arbon, and water. * 


(4) Hyiifochioric Acui by Action of Chlorine on an 
Organic Compound. 

• 

It would appear that the commercial success of proccJiscs 
for the manufacture *of hydrochloric atid by the action of 
chlorine on organic compounds containiirg hydrogen is 
dependent on the value of the by-products obtained. 

The l^osnische Klektrizitats A.-G. (Ger. F. 158086, of 1905) 
passes ch^-irint# into retorts, filled with wood and heated to 
150'' to 300" C. Bolides hydr^xrhloric acid, charcoal, tar, acetic 
acid, and alcohol are recoveretl. From 100 parts of wood and 1 5 
chlorine, 32 parts hycirochloric acid of 33 per ceiU. and 30 parts 
charcoal are obtained. 

Aylesworth (U S. P. 914223) passes chlorine through fiused 
naphthalene or other hydrocarbons, thus prdducing hydrogen 
chloride and chlorinated naphthalene which ina)' be utilised for 
impregnating timber. 

According to the Consolidiertf Alkaliw^crkc (Ger. F. 313875, 
of 1918), chlorine acts on lignite withotit external heating to 
give hydrochloric acid and* chlorinated compounds which 
i'rt rented. 

For other patents involving the utc of oj*ganicrf»iatcrial8 
in the production of hydrochloric acid, see lusher, Assignor 
to the Kansas City Refining Co. (y.S. Ps. 133714* \ 

1335743 ;^nd 1339519— all of 1920). 

. * Lorenz, Eng. V. 25c'’3, of 1894; Peter, U.S. P.* 1*29309, of 19 * 7 » 

Gibbs ( 4 v. cit) stales he has U.S. P. pending. 

• • 
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(5) Simultaneous Production of Hydrochloric and Sulphuric 

Acids from chlorine, Steam, and Sulphur Diwxide, 

• • 

Masson 324859, of 1903) obtains hydrochloric acid, 

to^^ethcr with sulphuric acid, by alRnving chlorine and steam tq^ 
act on sulphur Mioxidt in -a heated space.. 

The same procu.ss has • been • pVented in Britain by 
Askenasy and Mu^^dan (Jk 1 ’. i4342,^of*i903), and in Germany * 
by the Consortium* fur elektrochemjschc Industrie (Ger. Ps. 
I570t3<ind 157044) The last-nampd firm allows a mixture of 
chlorine and SOAomeet with water, or* U.-tter^hy^lrochloric acid, 
■flowiii^i down in a reaction-tower; at the bottom sulphuric acRl 
of 65 to So per cent runs out and at the top gaseous HCl escapes. 

It is stated that this process has given satisfactory results 
in practice, and that it can compete successfully with acids 
made in the ordinary way According to an investigation by 
Coppadoro,' in working the process the temperature in the 
apparatus should exceed 70' if 70 per cent, sulphuric acid is to 
be obtained. Considerable heat is developed in the reaction : — 

S( ).(gas) -f Cl.j(gas) + Acj. -- ICS(h, Aq. + 2 HCl, Aq. +816 calories. 

The reaction requires considerable time and*therC is some 
difficulty in freeing the sulphuric acid from HCl. The process 
is .said to be in operation in a works at,,Ravenna. A great 
deal of infvirmation regarding the proce.ss, with estimates of 
costs, is given by Coppadoro. 

Another prex^ess for the manufacture of sulphuric and 
hy^lrochloric acids simultaneously from chlorine, sulphur dioxide, 
and steam has been patented by the International Precipita- 
tion Co. and II. V. Welsh (U.S, F. 1285856). The sulphuric 
acid is separated frqin the*' gaseous hydrochloric acid by 
electrical precipitation of the *.'inciy-divided suspended particles 
oP'sulphuric acid. 

' Casi::^ Ckim. I tat,, 1909, 80 , 616. 
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MANUFACTUKK Oh IIVIiKCJCIILOKIC ACiff HV OTHER THAN 
THE ORI^INARV METHODS 

A. From Sodium Chloride. 

It is a very natural question whether it would not be possible 
to decompose S(xliuin chloride, without ein()loying sulphuric 
^cid, in such manner that, besides hydrtxihloric acid, a substance 
of greater value than s(xiium sulphate is })roduccd. M<iny 
attempts have been ii^ade at dccomposii^g sodium chloride by 
superheated steam, by silica, alumina, and many other substances, 
or by electrolysis; some of these proposals are better treated 
when speaking of the manufacture of alkali, and others in that 
of chloring. litre we shall merely mention proposals in which 
the hydrochloric acicl is the principal prcxluct considered. 

Heating sodium chloride^ mixed with cla)\ in n current of 
steam, according to Vorstcr and Gruneberg, oroduccs sodium 
silicate and HCl. Hut the temperature required i,. .so high, and 
the wear and tear of the apparatus so great, that this process is 
not practicable. Gorgeu^ has studied the conditions of this 
reaction and finds that clay, with 35 per cent is able' to 

decompose 22 per cent, of its weight of XaCl in a current of 
steam at a dark rod heat. • 

It is interesting to note that Jidgewickc obtained a British 
patent (No. 641) in 1749 Tor the manufacture of hvdrr'hloric 
^dcill frogi salt and clay {cf p. 73). 

The Kayser Patent Company (Ger. P. 63223^ mixes^day with 
rock-salt, and moulds thij •uito blfx:ks, dues and heats by 
gaseous fuel in furnaces of peculiaj; construction. The ^ydro* 
chloric acid ^s condensed, andjthe fused sodio-aluminium silicate 
running off at the bottom is worked Ibr soda. * 

^ Comptes rend.^0^ 

• 4 
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Klein (P'r. P. 368106, ©r 1906) proposes that bauxite, clay, 
or other aluminous bodies, in fine powder, be added to sodium 
chloride melted in a closed vessel, connected with a'pparatus for 
condensing -the hydn.chl<,ric acid evok ed. Superheated steam 
IS injected 'into the melt during* the proce.ss. The ma.ss is 
lixiviated, and .arbon <lia\ide i.^pas.'sed ijito the cleated solution 
of .sodium ahiiflint^te olitaiyed Jlf(^ aluminium hydroxide 
precipitated is removed, an*l the fdtrate cva]K)rated to recover* 
sodium carbon.'ile. •The process ma)- be rejicatcd with the 
aluminuim h)'droxide thus obtained, in which ca.se the injection 
of .steam, except towards the end ‘of the |?roce.s.s, may be 
dispensed wnth. • • ^ ^ 

A senes of patents have been taken out for the manufacture 
of liN’drochloric ncifl and ‘^ilico-aluminatcs by the Electric 
Smelting and Aluminium Co of Lockport, N.Y. (U.S. Ps. 
1040977; 1040893; 1040S94; 1040893; 1040977; 104159s- 
and I04i599,allof ,9,2). The detail gi^en sugge.sts that the 
proee,s.s w,as being put into operation, but the main purpo.se is 
Iirobabl)- the preparation of alumina for the manufacture of * 
aluminium 

I'or a patent with a similar object, but using chlorine to 
disintegrate the clay, .see Patronillcau, Fr. P, 48Mo6,of 1916. 

I-rom tnaih^tuioiis tlihmdi-. common salt'tuKl sulphur dioxide, 

ri? ‘ P''"P<'''‘'' ‘o make hydrochloric acid' 

( . I . 3669. of 1888) Air. mixed with 10 per cent. SO.,, is to 

ri'"'" ■' '•'"'taining 250 kg. NaCl and 

-70 Mn( l„ per^ciibic metre. The following reactions are 
bcjieved to take place, in which the manganese salt acts as a 
catalytic 

1. iN.iCI + Mna, + SO., 4 <) + H.,() .. MnSO, + 2Naa + jHCI 

2 . Mn.SO^ + jNaCU2Ha Na.SO, + MiiCI,. 

n 

‘The chlorides of calcium or magnesium can be treated in 
the .same way. The HCI is distilled off. or is converted tntd* 
chlorine F.y mangane.se dioxide. As the inventors do not even 
-say how the scxhuin sulphate i,5 ,to be .separated from the 
manglmous chloride, we iv-ed not detain ourselves with this 
pro|xxsal. 

Th. Meyer (Gcr. P. 18635,8) prepares dry MCI from eommon 
salt and sulphuric acid, oUaii^ing at the same time sodium 
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bisulphate, which is prevented fronf soliclifx ing. He finds that 
sodium chloride dissolves completely in a, sufficient excess of 
liquid bisuljfhatc,. that sulphuric acid of at least 8o per cent. 
HgSOj may be added to hot bisulphate without a«y frothing, 
and that such acid may be made to circulate In tho bisulphate 
ficncc he tledomposes^ Ni^Cl in a medium oj liquefied, hot 
bisulphate, introducing^ in^ an aj^propriatc^ phice, ether con- 
^tinuously or from time tw time, a str^am of sulphuric acid of at 
least 90 per cent. 1I.,S04, f‘nij)loying a (|u?^itity corresponding 
to that of the XaCl intrcxluced, whilst on the op|K)site^ side a 
corresponding ciftaiuity of*bisuIphate i*^ run off This prcK'es^ is 
in 4 ended to be ^arfi^xi out in connection with that cil'scribed in 
Ger. ]*. 136998. ami mentioned supra, pp. 183 et set/., for utilising 
nitre-cake, but it is n<>t known if it is in operation 

The General ('hemical C(» (B. P. 9875, of 1902; L;.S. B. 
698701) prepare HCI by heating 2\aCl with iNkuS^O^ (sodium 
pyrosulphate) in retorts, into which .steam is pas.sed. • 

Trivick (U.S. P. * 7 -^ 335 ) heats 2NaCl with 411.^,804, 
'and ^thercbv obtains gaseous IICl and fused tctrasulphate, 
NaoO(S()3)4, which after cooling is granulated, and on being 
dissolved in water ma)' be used in lieu of .strong sulphuric acid 
Hipp (y.S. 7 “f’ 533 ) heats nitre-cake, purified to .some 

extent, w’ith common* salt, and thereby liberates HCI. 

B. Calcium Chloride. 

Calcium chloride is obtained as a w.astc prcxluct of various 
chemical industries in enormous quantities, and it has very few 
direct application.s. It can be obtained in any desired quanliU^ 
from the Weldon chlorine proce.s.s, and even mt^e extensively 
from the ammonia-soda proce.s.s. 

It seems that Pelouze ‘ w^as •tne first to point out tliat 
calcium chloride, mixed with .sand in order to prevent fusion, is 
almo.st completely decomposed by steam at a red hCat, w itfi 
U)pi#Lis ^volution of HCI. Thi.s process was taken up by 
Solvay for utilising the 'calcium chloridb froir^ the tfTninonia- 
soda manufacture (B. P.s. j/, 91, and I7r,* of f^77). .The 
solution of calcium (or magnesium^ chloride is brougUit to 
dryness ; tht r^s due is mouldedjnto balls, etc,, with sand or clay ; 
these are put in iron o'* brick towers, heated from the outside, 

' CompUs rend.,Wk^ 1267. 
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and a current of superheateef steam is passed through. Hydro 
chloride is evolved £^nd is condensed in the usual manner, 
allowed to act upon the silicates and aluminatc^ of lime or ^ 
magnesia produced, thus obtaining on the one hand recovered 
C.'aClo or bn the other hami finely precipitated silica or 

alumina. 'I'hcv .silicate's a^nd aluminates can be u'sec? directly for 
decomposing a .s^)luJion of aiT|monium chloride. At a very high 
temperature alumina act.s an acid and cxjx^ls HCl from CaCl 
or MgCl.,. 'I'his IS’ also the case with aluminium silicate and o? 
course ith silica itself, .so that the silicates and aluminates of 
cajcium and magnesium ^are formeci, v-Wilh catcium chloride at 
lea.st an ecftial (juantity of the earthy substmtccs must be takifi ; 
MgClj rc(juires rather le.s.s, 'fhe practical success of this process 
was not .satisfactory. 

In Solvay’s Ger. P. 13528, a furnace, intended for the above 
pur[)Q.se, is de.scribed, in which the air (fur the manufacture ;of 
chlorine) or the steam (for that of HCl) is first pa.s.scd through 
residue alread\' treated, and there receiVes a first heating. In 
his IIP. 7260, of 1885, the most suitable quantities of silic^ and* 
alumina are discu.s.scd. It is proposed to add to the mixture a 
certain quantity of the residue from a former operation, in order 
U) obtain an infusible residue, suitable for cemont. * 

Kay.ser, Williams, and Young (H. P.s. 1 1492 and 11494, of 
1887) describe exactly tlie .same proce.ss, witti a special furnace. 
W. W'alker, again, patents the decomposifion of calcium chloride 
(mixed with salt) by sand ; the residue to be used for glass- 
making (B. P. 2019, of 1891). 

Lunge mad?' some experiments t>n this reaction, with the 
ft)llowing results * : — On igniting calcium chloride with its 
equivalent of silica (kie.selguhr) in a current of .steam, from 60-5 
to 66-8 per cent, of the thcorUical quantity of HCl was obtained ; 
on igniting 2 parts of felspar witli i part CaCl^, 66 per cent 
jjf the thloridc was obtained as HCl, and no alumina soluble 
in acid was found in the residue. But even on heating paG’, 
by itiK'lf in a purrentof steam at a /iioderatc red heat, 54 per 
cent., at a. i>righjl red heat 60 per cent of the possible HCl 
waji .obtained, tke residue .'?howing a strongly alkaline reactioTL 
Hence the addition of silica or felspar did not produce any 
favourable result. 

’ /, 248 , 460 ; FiSi.ht/^s Jakresber.^ 1882, p. 374. 
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The hydrochloric-acid vapour obfaincd by Solvay’s methods 
is at the best greatly diluted, which led to his proposals, men- 
tioned on p. ^94, for obtainjng strong 11 Cl by means of calcium 
chloride solutions ; but these arc neither simple nor cheap. 

^ Hurter* points out that l\'ith a 20 per (?cnt. .Solution of 
calcium chlotidc and H^‘I ggs, dWuted by .steam ^o 5 per cent., 
1000 tons of water mus^*bc cva|^ratcd eftch loo l.»nsof 
CaClg, as it is ottained *froni the atnmonia-soda manufacture, 
in order to bring the solution to its origflial concentration. 
If we consider that the decomposition of CaClj by steam is 
an endothermic tcartioq, absorbing 26^000 calories per gratp- 
mdecule of HCf ape^that the reaction therefore reqiMre.s much 
time, labour, and apparatus, this melhcxl of producing hydro- 
chloric acid docs not stand much chance of economic succcs.s. 

Twynam (B. I’. 731, of 1885) proposes treating calcium 
cidoridc licpiors at 80 ’C. with lime, in order to precipitate 
calcium oxychloride, from which chlorine is to be made wi^h 
dry air, or h\ drochluric*acid with air and steam. [This would 
*prob£U:)ly be even more difficult than with pure C aCl, ] 

Bramley (B. P. 8289, of 1887) mixes CaCI., with calcined iron- 
ore and heats in a current of air to produce chlorine, or in 
steam to pry^luce^HC^ ; the residue is to be worked for iron. 

Jung and SteiyL-r *(Ger. P. 91205) add to calcium chloride 
solutions (especially such as result in the ammonia-soda pr(x:cs.s), 
after suitable concentration, a solution of c pric sulphate, 
besides a precipitate of calcium sulphate. Into the •solution of 
cupric chloride thus formed they pass hydrogen sulphide, 
obtained by reducing the calcium sulphate, formed in the first 
operation, to sulphide by igniting it with coal, ancj working the 
CaS for HjS by the Chancc-Claus process. The cupric sulphide 
is retransformed into sulphate by ’oxidation. 1 hi.s process is 
so complicated that it appears# unlikely it would prove 
remunerative, and the sam^ criticism applies to the 

Sfli^war# and VVeishut (Ger, P. 96158). They evafjoratc the 
calcium chloride liquors to'dryness, fuse tl^ residue witlrbarium 
sulphite and coal, extract tjic barium chloride tb«s forrr^cd, 
precipitate the solution with sodium, sulphate,* evaporate •the 
solution of JKxtiira chloride thu^ formed, and tran.sform the dry 
NaCl into sulphate rec^ vering the HCl in this pK>cc.s.s. 

* * /. y-o Ckfm. Ind., i8i3, p. 103. 

^ • # 
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Schollmeycr (Ger. P. 191890) gently heats calcium chloride 
with hydrofluosilicic acid, till all HCl is expelled : . 

CaCl, + lIjSiF,, - C.iSa\ + 2HCI. ' 

The residiyil soUition is evaporatj^d to dryness and heated till 
all silicon fluoride lias been excelled : * ^ • 

C.iSiK CaK'+SiV,. 

This gas is brought into contact with* water, thus regenerating; 
two-thirds of the Ji^id originally cmj^lwcd : 

3SiF,42HX> = SiP, + 2H,,SiF,^ 

'jliis pro^'ss furnishes highly conccnlrated hydrochloric j^id, 
free from arsenic and sulphuric acid, togetfie? with pure calcium 
fluoride and silicic acid. 

From fused calcium chloride Scamon (U.S. P. 826614) 
prepares H(d b\- passing acetylene through it, obtaining 
calcium carbide as by-product. 

'Die attempts tft prepare hydrochkjiric acid from calcium 
chloride have been made principall)’ in order to utilise tho 
waste li(|uor ('f the ammonia-.soda manufacture. But experi- 
ence has .siiown that the production of hydrochloric acid (or 
chlorine) from calcium chloride succeeds oi^ly partially and 
only l)y employing such an amount of •heat that the hydro- 
chloric acid tluis obtained co.sts more than ‘that made by the 
ordinar)' ptoces.s. So k>ng as that acitl has its present low 
value, all endeavours for utilising wa.ste liquor appear to be 
hopeless. 


* U. I' tom Magnesium Chloride. 

» 

Ilydratetl magnesium chloride is much more readily hydro- 
ly.scd than calcium chloridd. Davy and Graham mention the 
decomposition of magnesium chloride on heating. Even in 
Evaporating a solution of MgCl.,,* evolution of HCl occurs as 
soon as there is less than 6 mols HjO present to 1 mol. MgOijf 
On furlncr hosting, .<0 much MCI ciJcapes that it was formerly 
believed to lead to a complcA^ realisation of the reaction 
MgCl^j-F MgO-F2UCl. Many proposals for preparing 
HCl or chlorine are f<iun<Dd on this assurrvption. The 
proposals for ‘the preparation of chlorine are dealt with in 
another volume, and in tkis volume reference is made only to 
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proposals for making hydrochloric *acid. Magnesium chloride 
is certainly .far from being such a fretjueiit waste product of 
other chemical manuLctures as calcium chloride, but in the 
manufacture of potassium salts at Stassfurt alone, sufficient 
MgCl, is formed to cover al 4 the present ne^ds of* the whole 
vvorld” as A.'gards hy(Jroclilori€ acid, and chl(^-ine. In the 
working up of the motl^*r-|jMuors^)f sea-wiy.crr large oiuuititics 
of MgCl., are also formed, noiic (»f w^nich has yet been utilised. 
The h\ d"rol\ sis (»f magnesiufn chloride has M]iiently been noted 
by inventors, who proposed u> replace lime b\' magnesia 

in the maniifarfTire of jimmonia soda^in ordvi to liberate Uic 
1 1^1 from the formed. It may be said at* once that 

these attempts have not been successful. Most propo.sals for 

utilising magnesium chloride have only been tried ex{x;ri- 

mentally, if at all A fen of them have been worked out 
wdh the ex])enditure of much energy and capital, but mostly 
for the direct manufacture of chlorine. It .seems that 'at 
Stassfurt some hydroc^iloric acid is imule from magnesium 
‘chloiadc, but it is not known under what circumstances and 
with what economic succe.ss. 

Kschellmann has published a very I'laborate paper on the 
methcKls W prtxlucMig chlorine and hydrochloric acid from 
magne.sium chlori^lc^ According to him the ;)r(aluction^ of 
MgCl, at Sta.ssfurt, in the form of .saturated “final liquor,” at 
that time was about 200,000 tons per annum, eq.ial to 150,000 
ton.s of chlorine, which would be more than sufficient to furnish 
all the blcaching-powdcr, chlorate of potash, mid hydrcnrhloric 
arid consumed at that period in the whole world, 'bhis is, 
however, ba.scd on the assumption that the Wc^ion-Eechincy 
procc.ss would be generally intr^xluced, but this ha.s^ not been 
the ca.se. A similar c.stimate is •marie by Kosmann in his 
pamphlet, /V/c Darstdlung von Chkf vnd Chlonvasserstoffsaure 
aus Chhrma^nesium (Berlin,*iS9i) • he even .states 200, boo lorfH 
•as tkv. quantity of MgCb lost, cxclu.sive of that which was 
actually used. 

Eschellmann describes a qjil..bcrof crrcfully exccitcd labora- 
tory experiments, which show’ thal^on heatitig MgClj, 6 idjO 
to 250^ just^ope third of the Cl,is split off as HO the residue 
being 2Mg04MgC1^3JcO. On further heating up to 350” no 
* « Ch m.Itui,, 25. S'- 
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change occurs ; but from fnis point there is a fresh evolution 
of HCl, and at 559" this reaction proceeds so far that one- 
half of the HCl is expelled, and the compound MgO,MgCl2 
remains as a white, crystalline, brittle, silky mass, which is 
decomposed by vt-atcr, with evolutit)n of much heat. It makes 
no difference , whether I\'lgCl.M6H.,0 is heated by ksclf or in a 
current of nitrogen^ ^ 

ICschellmann gives tlid following <thcrmochemicaI data fo^: 
the conversion ofMiagncsium chlolide into MgO and HCl or 
chloriije : — 


For HydrochloHc Aiiii ‘ < 

C- h'. 

Decomposition of MgCl_, . . • , 

. -151 

„ MgCi, 611,0 

• - 33 

„ 11-.0 . . 

. - 58 

Evaporation of 511,0 .... 

• iJ? 

-301 

Formation of Mg0+ 147) 

. 4-191 

„ . 2HCI+ 44) * . * 

Heat absorlied in the process . 

. - 1 10 

. For Chlof im - 


I)ccom[K)sition of MgCl , . 

-151 

„ MgC’! ., 6H_>( ) 

, - 33 

Evaporation of 6H,() , . . 

. ' 70-6 


-254*6 

Formation of Mg ( ) . . . ^ . 

• +1*17 

Heat absorbed in the process . 

. - 107-6 


F. Fischer* gives similar calculations, applied to the 
Wchiney-Wcldon chlorine process, which employs magnesium 
oxychloride. 

In both cases, even under the theoretically best conditions, 
a very large amount of lie^t is required for carrying out the 
leactioti ; it is evident therefore ' that all processes for manu- 
facturing HCl and chlorine from magnesium chlori 4 e mi^st be 
burdenevl with,a verydarge consumption of fuel. An inference, 
not stated hy Eschellmann, but deducible from the above data, 
is that it is ifi all circumstances less profitable to produce 
hydrochloric acid from magnesium chloride, thani to produce 
chlorine, more heat being consumed in the former than in the 
‘ Z. angiW. Chtm,^ 1888, p. 549. 
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latter case. But at present there is no process for making 
chlorine from magnesium chloride in which .there is not also a 
copious and sometimes evep excessive production of hydrochloric 
acid as a by-product. Lunge,' in a criticism of the above, offers 
a,warning against relying on the application of therftuKhemical 
data, • ^ , • . • ^ 

In the following pagc^Eschcllnmnn’s convcnrcnt ci.issiHcation 
'‘f the various prc.posals for making TiCl from MgCk has been 
adopted. • • 

I. Heating Mgn2,6H.,0 and Steam externally, — As early as 
1864 CJemm- c|^cribecL the rnanufactHrc of hydrochloric a#id 
by •heating magnesium chloride in a saltcakc muffle-furnace 
with superheated .steam. Weldon, in 1869, took out a British 
patent* for the satne invention, which he abandoned on learn- 
ing of C]cmm’.s process. M'Dougall (B. P. 2048, of 1886) 
applied the same process to magnesium chloride obtained 
in the ammonia-soda jjroce.ss by ciecomDosing NH^Cl with 
MgO. Wilson (B. P. of 1885) patents pmctically the 

samcahing as Weldon (c/. below). 

Hcinzerling and Schmid fB. P. 13648, of 1888) prescribe 
decomposing the magnesium chloride in a shelf-furnace with 
hollow, heat-id phites, '\\actly similar to a blende-roasting furnace. 
The material, previously partially decomposed in a muffle- 
furnace or the like, is iiitnxluccd by feeding-rollers at the tof> 
and is gradually moved downwards to the lowe hottest .shelf, 
from which it is di.scharged. They describe improvements of 
this process in Gcr. P. 48845. E.schellmann points out that the 
principle of counter-currents had already been .slmilarl)' applied 
by Weldon in 1881 ; but the application of the ligated shelves 
was a novelty. 

The advantage claimed by this ^I.i s cf proces.ses consists in 
not having ^o dilute the ga.ses contaming the HCI, and the 
consequent purity and easief condensation of the acill. But 
♦his ac^rding to Lschellrnann, counterbalanced by greater 
drawbacks, es{x;cially the difficulty of sujtplying .the h?atWrom 
without, which is all the gre|iur as th^ apparatus •cannot, be 
made of iron, and must be made or^tone. The steam must 
also be supeihe^t d and does noj act perfectly, because it does 
not pass through the ma.ss, but merely ova it. Lunge 

* Z. on^. C 4 em., iSF% p. 95. •Z Jru/feA, Ingtn,, % 
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sup^^^csts that both of these efrawbacks could be avoided. Instead 
of hcatinj^^ the masi' from without, Pcchincy’s apparatus might 
be crnplo\*cd. This has narrow slits iq the brickwork, alternately 
lieated frofn uithin, and afterwards giving up that heat to the 
substance fo be Mecomposed Tfic action of steam might be 
jjronioted b\’ < mechanical meKns, .thojjgh this has the dis- 
advantage of bn'ngi^ig hot acid-gases ili contact with iron. 

2. chloride zidJi salts ivhicJi lose theit^ 

water o)dy at hiyh tct}iperatHres' hcathuy the mixture^ and 
tecoverv of the W/.v— For this group of methods E.schcllmann 
claims the priority, but ‘he overlooked, a British patent taken 
fuit eighteen years before his (C. G. demp, 1776, of 18*^3), 
though C'lemm difl nr>t commence with magnesium chloride 
obtained as a refuse .salt, but with kieserite, which subsequently 
leatls to the formation of Mg(d.,- Clemm di.s.solves i mol. 
MgSO^ and i mol NaCl in as little w’atcr as po.ssible, mixes the 
solutions, evaporates to dryne.ss, and heats the residue in a 
current of steam in a muffle-furnace. In this process the 
double salt MgS(\,Na>S()j is formed, together wu‘th a , little 
MgO and HCl. From the muffle-furnace the mass is conveyed 
into a rexerberatory furnace, in w'hich the HCl is .said to be 
almost entirel)’ expelled. The residue, containing the above- 
mentioned double salt, is di.s.solved in water ;^from this solution 
one can either obtain anhx’drous .sodium .sulphate by boiling and 
fi.shing out. or cry.stalli.sed Glauber’s salt by freezing. There is 
also the po.ssibility of fir.st making Glauber’s .salt by freezing 
from a .solution of 2NaCl4- iMgSO^ (c/i p. 192), and then 
working the MgCL remaining in the mother-liquor for HCl by 
evaporating and heating in a current of steam. 

E.schcllmann him.self (Gcr. P. 17058) proposed mixing 
kic.serite or ICp.som .salts with the magnesium .salt (the patent 
al.so mentions calcium sulphate, or calcium chloride -^magnesium 
sulphat6), igniting and separating the magnesium sulphate 
from the magnesia formed by dissolving in water, iyi order to 
reprodirc’e P'psom skits. He also' says that the practical 
utilisation of the prcKcss was frustrated by the co.st of heating 
the * mixture and recovering the sulphate — reasons which of 
course arc valid for all o^her proposals of the sanje class. 

Konther (Gcr. P. 41 351) mixes magnesium chloride with at 
least its equivalent of calcium chloride and water and heats to 

i 
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fusion. The calcium chloride retafhs the water so long that 
it escapes at last as superheated steam, agd decomposes the 
magnesium Oxychloride. The *csidue is separated by water 
into magnesia and solution of calcium chloride, and the latter is 
^ain used after evaporation. • • • 

P. de VVSId6 (Ger. P. 59155) begins like Eyhellmann and 
Konther, but instead of* li^'iviatiyg the reskhic by water in 
order to separate the magnesia, he grinds it into powder, 
introduces this into concentrated MgCI,^ •liquor ‘final 

liquor” from the potassium chloride manufacture), evaporates 
the mixture to^he con.sist^nc\ of a, paste, and ignites ir^ a 
bl^k-ash furnaefe. *'^10 residue, which is now richer irt magnesia, 
is used a .second or third time for decomposing MgCl.^ liquors. 
The Ust residue, now very rich in magnesia, is lixiviated with 
hot water, which leaves mcOgnesium hydroxide behind, whilst 
MgS04 or CaCl.3 enter into solution. He asserts that he 
obtains 96 per cent, of the total chlorine in the .shape of IICU 
Bohlig and Hcync? (Ger. P. 39566) Jjropo.se decomposing 
•MgQl.2 completely into MgO and HCl by mixing its .solution 
with coar.se sawdust, and gradually heating the damp mixture 
in retorts to a dark red heat, till the evolution of gas has 
ceased. Tfee coiicentration of the liquor mu.st be cho.sen in .such 
manner that the magnesia-charcoal thus formed does not contain 
much above 40 per cent MgO ; otherwise, even on strongly 
heating, the decomposition is only partial. The magncsia-^'liar- 
coal is to be employed for the purification of water, according to a 
well-known process of the .same inventors. Eschelhnann classes 
this process with the same group as the last, because from the 
sawdust, by heating without contact with air, steam is formftd 
which acts upon the magnesium oxychloride and decomposes it. 
Of course the hydrochloric acid froduced by this pfbccss must 
be very injure, and the drawback of hd^ting externally exists 
in this ca.se also. • • * 

^ Heating MgCl,>,6H20 by direct flame with supply of steam ^ 
with or without addition of other suistances^— 'I o»ihks class 
belong the numerous Solvay patents, taken o.ut siriice 1877, and 
intended in the first instanc? for cakium chloride. As a yiatter 
of fact, preyctical ^trials seem to have &ecn made only with CaCl^, 
and the.se in recent years mostly witfi the intention of producing 
not HO but chlorine, bv emolovirur air in pfece of steam. As 
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regards magnesium chloridt, all proposals for mixing with it 
sand, clay, or similjir foreign substances are useless, since the 
magnesia cannot be recovered from them (this admixture was 
first patented in 1870 by H. M. Baker*). 

Ramdokr Brothers (Gcr. P.s.»ii540 and 11746) propose 
cvaj)orating n^agnesiuin chlouidc ^solution, and igniting the 
residue with an^oxidising fljmc and ^superheated steam. The 
c.scaping HCl is condensed; the residue, consisting of MgCl^ 
and MgO, is moulded into bricks wRh clay and iron-ore, and is 
burnt (\n this instance the manufacture of these bricks was the 
prmcipa! object) Kamc^phr, Blum^ntlial, & Cat (Gcr. P. 19259) 
evaporate fhc MgCl.^ .solution to sp gr. 1-4 of i-^, so as to le^e * 
c.sscntiall}’ MgCL^bli^O, then add from 4* to 10 per cent, 
magnesite, and heat the mixture in a current of air to rc(j heat 
till the evolution of HCI [and chlorine !] cea.ses. The remaining 
magnesium (jxychloridc is decomposed into MgO and MgCJ., 
by# heating with water. Ramdohr^ elsewhere as.s&rts that 
magnesium chloride cifn be com/}/ete/v doccfm\)osc(\ by an oxidising 
flame and highly .superheated steam, furnishing pure MgO^and^ 
hydrochloric acid of 34'' Tw. The magnesia can be utilised 
in various ways, principally by calcining at the highest white 
heat, when it yields ver}^ hard and extremely fijoprepf bricks. 

V(^gt (Gcr. P. 37083) de.scribes an apparatus for decomposing 
MgCl, li(]U()r.s, consisting of a revolving furnace in W'hich the 
liquid MgCf, is evaporated to dryness fty producer-gas; this 
flame comes from a shelf-furnace in which the dry magnesium 
chloride, being movetl from shelf to .shelf, is gradually decom- 
po.scd into MgO*and HCl. 

• Almost at the same time as Ramdohr, Blumenthal, & Co. 
took out their German patent in 1881, Weldon obtained a 
British patent, almost preci.'idy agreeing with it, for making 
from concentrated magnesium chloride solution and magnesia a 
.sqjid oxychloride, which is cru.shed into pieces and, in a set of 
eight iron cylinders arranged in regular rotation, treated either o 
with steam (forJlCl) <?r with air (for chlorine). This* proposal 
was frustrated b)\thc impo.ssibili^^y of using an iron apparatus, 
but *\i gave occasion for working' out the Weldon-Pechiney 
chlorine process. According to theory as weH as ^he patent 
specifications, t^e Weldon procc.ss, as modified by P^hiney, 

•• Fiseket^s Ji^hrtsber., 1482, p. 421, 
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would be applicable to the manufecture of hydrochloric acid» 
but this has. never been attempted in practice. 

Friedrich (Fr. P. 449733, *9^2) describes a process of 

heating magnesium chloricfe, with or without calcium chloride, 
in such manner that the material is brought inJto intimate 
contact with the burning fuel #(solid,. liquid, oj gaseous), and 
water or steam is injectttd^when accessary, ^hc air supplied 
is advantageously heated, and be mixed with furnace 

gases at a high temperature • 

Schwarzenauer (Ger. P. 279008, of 1914) ises a vertical 
retort and intr^uecs supethe.ited stpam at the bottom, the 
hydrochloric aetd being led off at the top. SchloesTng (below) 
recommend.*: passing the gases in the reverse direction. 

J. .Wilson (B. P. 3098, of 1885) evaporates MgCl^ liquor up 
to the point where it would solidify on cooling, and then runs it 
into the decomposing furnace, which still contains residues from 
a former* operation, by which the liquor is absorbed. The 
mixture is heated with air to obtain chlofinc, or with steam to 
•obtain HCl. [This process docs not e.ssentially differ from that 
of Weldon’s, just mentioned.] 

Nithack (Ger. P. 30742) brings hot, very concentrated solu- 
tions of magncskim chloride, in the state of spray, into contact 
with fire-gases, hot T:)rickwork, etc. Ko.smann * unfavourably 
criticises this proposal. 

A number of German patents have been taken out by the 
Salzbergwerk Ncustassfurt (Nos. 36673, 46215, 47043, 48552, 
51209, 54830). They employ reverberatory furnaces, with 
several floors placed one above the other, *sometimes con- 
nected with kilns, in various combinations. Thc^ laier patenfe 
exchange the open furnaces for muffles, the kilns for retorts, 
and revert to the Solvay type .,pparatus. Thei^ arc, 
retorts ma^e of firebricks, vith fire-flue^ at both sides, 6 in. 
wide, 5 ft. long, and 10 ff high, with working hol(3i a’’ the 
• narrow epds. They arc heated from without by fire-gases, 
which travel first in a fltie below’, thentupwarjs, divided into 
a number of vertical flues, tl*'*n again downwarda by lateral 
flues. 

The Vtreinigten chemiscljien Fabriken at Leopoldshall 
(Ger. P. 43500) descnl>e a mechanic^ apparatus for moulding 

• » p. #55. 

*• 
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magnesium oxychloride, evWently intended for producing HCl 
or Cl according to the principle described above. 

Schlocsing (Fr. P. 360356, of 1905) precipitate# as gypsum 
the sulphates prc.scnt in commcrci'af magnesium chloride, by 
means of calciun> chloride, evaposates the .solution at a tem- 
l^rature of 16^" C., .precipitat*. the excess of cllcAim chloride 
as calcium sulphate^ by mea^s of magnesium sulphate, cools 
down, separates the liquifh from therprccipitatcd salts, and 
heats it with Mgft, .so that MgO.MgCl., is formed, which, on' 
heating in a furnace, splits off HCl.* 

,In a later patent (J^'r. P. 39*4057^ of iV>8) Schlocsing 
modifies this proce.ss as follows To the .sojdtio^i of magnesjjim 
chloride, heated to 132 to 133 ’C., powdered magnesia is added 
to the extent of one-third that required to form the ordinary 
ox>chloride (MgCI.„MgO,6H,p). Heating and stirring are 
continued, until the mixture becomes pa.sty, when it is turned 
oui and moulded into briquette.s. The.se arc dried at a low 
teiipK-rature (200' C.), and are then dec’ompo.sed at a dull red 
heat, the decomposition into magnesium oxide and hydrochloric- 
acid being effected by spreading the material on interspaced 
bars of refractory material in a heating chamber, and passing 
the iiot from an adjacent furnace or j^odirer through 

the mass, from above downwards, in orefer to avoid crushing 
the friable product, steam being introduced into the chamber 
as ret| wired. 

4. Other Proposed J/c/Aif/.c.—Roscnthal (Ger, P. 31357) 
proposes obtaining hydrcKhloric acid by evaporating sulphate 
of alumina wifli magnesium chloride .solution, the reaction 
being : 

AyS(),)j -f jMgCI,. + 3lf.O -- AI.Oj + 3MgSO. + 6HCI. 

The nlumma would 'be the principal product in this case In 
order ter separate the last 4 to 7 per cent, of the sulphuric acid, 
which cannot be removed from the alumina by heat alone a 
little lime is to, be added to the mixture, and steam superheated 
to too” IS tp be passed through h closed vessels. The alumina 
is further to be purified from iron by a special process, described 
in the patent. 

Lyte and Tatters (B. P. 17218, of 1889) propose making 
hydrochloric acid by treating anhydrous magnesium chloride or 
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magnesium Oxychloride with sulplturettcd hydrogen (formed 
from alkali waste and carbonic acid) and just sufficient air, a^ a 
temperature between 300^" to 430°. Under these conditions it 
is claimed that no sulphur dioxide (which would give hydro- 
chloric acid and sulphur) is •formed. This {xoposal docs not 
appear very^prictical. ^ ^ 

Dieffenbach and Nfold^nhauc^ (Gcr. P. 303080. of 1906) 
obtained a nearly perfect decomposition of magnesiuni chloride 
into MgO and MCI withouf introducing ste<fm, thereby (obtain- 
ing nearly anh}’droiis hyrfrogcr chloride gas. When heating 
MgO, HCl, no ftfrtlier dc€oihp(»sition ^akes place between 3^0“ 
to ^(X)'’ C., if th(? gc'Isj?ous mixture of MCI and steam* is allowed 
to remain over tlic oxychloride so that the ecjuiiibrium is 
not disturbed. On further heating, the decomposition sets in 
slowly; more strongly only from 750' ‘onwards. If, therefore, 
tj^e temperature is raised quickly and without essential disturb- 
ance of flic equilibrium beyond 750’, hardly anything escapes 
afterwards but dry MCI. The inventots describe a muffle 
“•suitable for this purpose, and give further instructions ffir 
working the pgocc.ss, 

M. Sandecker and L. Weiss (Ger. P. 223169, of 1908) 
propose to, prepare hydrochloric Jicid from liejuors containing 
calcium chloride or magnesium chloride in an unusual manner. 
The liquors arc treated with boric acid or an acid phosphate 
of an alkaline-earth metal or of magnesium, and the sol ition 
is forced through a jet into a heated vessel. B) addition of 
an oxidising agent, chlorine is obtained instead of hydrochloric 
acid. The residual liquor, if boric acid has been used, is heated 
with ammonium chloride, whereby ammonia is liberated anefa 
mixture of boric acid and calcium or magnesium chloride is 
left, ready for the production of*a further quantit/ of hydro- * 
chloric ac^l or chlorine. When, an ac^d phosphate is used, 
this may be regenerated frTim the residual liquor by trCJ'tm«nt 
witj^ sulghur dioxide or carbon dioxide. 

Kerr (U.S. P. 1203^57, of 1916) makes liydrochloric acid 
by heating together to about* 200'' a mixture of nkrc cakij and 
magnesium chloride. 
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General Remarks on the Manufacture of HCl from 
Magnesium Chloride. • • 

Eschcllipann ^ivcs * a calculaticjii for hydrochloric acid made 
from magnesium chloride, foi^ndcd entirely on • theoreticat 
assumptions. Iw looo kg.^acid of. 32“ Tw., = 320 kg. HCl, 
we require 417 kg* MgCK=i484 kjf “ final liquor” of the^ 
potassium chloride manufacture, \iihich has no commercial 
value, but must be evaporated from ^p. gr. m6 to sp. gr. 1*45. 


He calculates as follows (figures for*iS89) : — 

• ^ ' • • 

• • • Mark. 

Evaporating the final liquor . . • •. . 8*oo 

Coal for decomposing it (four times the theoretical 

quantity), 259 kg 2*57* 

Superheating the steam 0-33 

Condensation .... 1*00 

^ Labour, water, interest on ca]>ital . . •3*10 

Cost of locx) kg. acid of 32“ Tw. . 15*00 


There is no allowance for wear and tear and repairs, which 
must be very heavy in this case.* Moreover, such estimates are 
usually below the truth. On the other hand, ^hc Y^lue of the 
magnesia must be allowed for as well, * 

In 1907 three factories in the Stassfurt* district together 
made I2,(XX’) tons hy'drochloric acid per anhum from magnesium 
chloride * 

The rea.son why up to this date most of the magnesium 
chloride liquors, •resulting from the manufacture of potassium 
cRloride, are run to waste is that the electrolytic chlorine pro- 
cesses, as wclf as the large demand for saltcake by the glass 
♦ industry artd the consequent •f)r(xJuction of HCl, have made a 
further extension of Special ^)rocesscs for the manufacture of 
hyflrochl«ric acid unremunerative in most cases. At the present 
time over 70 per cent, of the German demand for chlorine is c 
supplicxi 4 )y cl(jctrol}’S4s, so that several manufacturers of 
Weldon chlorine . have been compelled to discontinue that 
process and to throw their hydrochloric acid into the market at 
any price. The manufacture of the acid from magnesium 
chloride will only come to the front again if soda-ash has 
* hoc. «/,, p. 356. * Th. Meyer, loc. cit.., p. 85. 
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become so cheap that the glassu^rks will find it more re- 
munerative to employ this article than saljcake, or when new 
manufactures arise which are Lrgc consumers of hydrochloric 
acid. • 

The great purity of tine hydrochloric <icid «iadc from 
magnesium •chloride, the enti»c abspnco of ^sulphuric acid, 
arsenic, selenium, etc., wHl ^alway% secure for -it a better price 
than that of ordinary muratic acid. * 

D. From Cat nallite, etc. 

•• • • 

Solvay (Ger# P..448^5) treats carnallitc, kaiu’tc, og a mixture 
ofWh, with or -vslthout addition of clay or magnesia, in a 
strong vacuum at lOo'* to 200" C., and if necessary with the 
assistance of strong mechanical pressure, to obtajn a dry mass, 
from which at a red heat air liberates chlorine, or steam hydro- 
chloric acid. 

Kossman ^ points gut that those of j.hc above-mentioned 
^processes in which CaCl2 i'’ added to MgC L arc not advanta- 
geoifs, because, according to thermochemical data, the removal 
of chlorine froih CaCl2 requii*es much more heat than from 
MgCl.,. Nor can additions of inert substances be recommended. 
Fusion or •frittfng ^f the salt is very injurious, but can be 
partially remedied by mechanical division. Ajiart from this 
mechanical obstacle tQthc complete decomposition of magnesium 
chloride, we must remember the circumstan''? observed by 
Carnelley and Walker^ that a long-continued heating may 
produce polymerisation, which forms sub.stanges of very high 
specific heat, offering great resistance to further decomposition. 
Among chemical additions magnesia is undoubtedly the best. 

E. From Ammonium n Gkloride. 

• • 

There is a possibility tifat methods for the manufiicturc^f 
• hydjcchl^ric acid from ammonium chloride may assume great 
technical importance if* the scheme al prescyit on* hand to 
combine the manufacture of ammonium chioride wlth^ the 
fixation of nitrogen by the rfaber pfy:ess proves a succcs.^^ 

Mond ha^s recommended tj;ie decomposition of ammonium 
chloride, obtained by crystallisation from the nwjtjrer-liquors of 
» *Loc, ciL, p. 355. * / £hem. Soc^ 1 888 88 , 59* 

9 m 
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the ammonia-soda manufacture, by sulphuric acid (B. Ps. 3820 
and 3922, of 1883)., The ammonium chloride is to be heated 
with twice its equivalent of sulphuric acid in ir6n or leaden 
pans to .i30', .and the .ammonium bisulphate formed is to be 
converted into fieutral sulphate'* by ammonia vapour. Th^e 
process is, of (^ourse; only appKcable on a restricted scale, and 
has not been cafVri^d out t(^ any har^ extent. According to 
further patents of Mond’s (Nos. 65, ^^238, 8308, of 1886, and. 
others) the amnutnium chloride is* to be volatilised, and the 
diss(>ciiitcd vapours of NH-t and HCl arc to be conveyed over 
oxjdes of cobalt, nickel, iron, manganese, altlminium, copper, 
or magnesium, which retain the HCl. patents were 

taken out for the production of hydrochloric acid as well as 
of chlorine, but they are evidently only intended for the latter. 

Gilloteaux' (Ger P.49503) hc.ats ammonium chloride with 
sodium or ammonium bisulph.ite, whereby HCl is evolved and 
neaitral sulphates are formed On heating the latter NH3 is 
gi\'en off, the bisulphate is re-lorined, and can be used over 
ag.on The reactions .'ire : — ' 

1. 2NaIIS(C -f 2 NH,C1 211(1 -h (NH,),SO, + Na.,SO,. 

2. (NH,),S(b + Na,SO, 2NH3+ 2NaHSO,. 

'Hie first reaction is anytliing but complete, for which reason 
Mond’s j)atent 3820, of 1883, stops at the conversion of NH^Cl 
by H. SO^ into I K 1 and NH^HSO^. Indeed Mond ^ asserts that 
no re.'iction whatever takes place between ammonium bisulphate 
and ammonium chloride ; below a certain temperature nothing 
occurs, and aboCe that temperature sal-ammoniac is volatilised. 

O. N. \Mtt (Ger. P. 34395) proposed converting ammonium 
chloride by syriqn’ phosphoric acid into HCl and ammonium 
phosphate: On further heatmg the latter gives up all NHg, and 
leaves vitreous phosphoric <\cid behind, which is dissolved in 
vwiter aivd usetl over again. 

Jurisch,- after a number of laboratory experiments, cpmes* 
to the CMiclusjon th.'i^ in this w.iy ^indeed all HCl can be 
driven off from NH^ 1, but oniy by means of an excess of 
phosjvhoric acid, 'which may certainly be used over again. Of 
the ammonia only 63 6 to 86- 1 per cent, is recovered [which 
alone would .inakc the process practically impossible]. Jurisch 
» J Soc, C/iem. I mi., 1S84, p. ^87. 'i Dingl. poly t. /, 287 , 431. 
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rightly observes that Witts proposal cannot be utilised until 
a material for making furnaces and vessels discovered vvhi^h 
will resist fifcccl phosphorjc acid for any length of time. We 
do not at present know of any such material. • ■ 

^ Whitehouse (Eng. P. 15140, of 1907) Keats •ammonium 
chloride, preferably thougl^ notf necessarily in^the dry state, 
to about 300'' C. with onj^^oi; more i>f the oxi^les*or oxychlorides, 
of cerium, thorium, didymium, lantlfanum, or yttrium, whereby 
ammonia is given off and flilorides of the eflrth or earths used 
arc formed. The latter arc then heated to 450° to ,500° C. 
in air or stearrj^to caysc* evolution ot chlorhie or hj'drochliyic 
acid, and regeneration of the rare earth or earths employed. 



CHAPTER X 

VVKAK . acid; control of CONDICnsATION ; YIELDS, COSTS, 

^ LURIFICATION, FCMl’lNC ANl‘) CONVEV^WCE OF HYDRO- 
CHLORIC ACID , ‘ r 

The control of the conclensing-apparatus has two object^, viz., 
first, the coiTlpletcst possible condensation of all the HCl 
contained in the j^as ; secondly, the production of the largest 
possible quantity of strong acid. Although these aims are in 
some degree antagonistic, there is no reason why with a properly 
designed plant both objects should not be attained. The’ 
problem is simplified if weaker acid can be made, and this is 
usually done when the acid is to be used up at once in the 
works, but even in such cases the increased vol ime,of the dilute 
acid has obvious disadvantage.s. 

At most well-conducted works the post-condensers for blind 
roasters are now abolished. This has been done in England 
mainly b}' very greatly enlarging the stone towers, and elsewhere 
by placing a .sufficient number of cisterns or receivers between 
the saltcakc-furhaccs and the tower. Thus the quantity of weak 
acid made has been very much diminished, and what remains 
is mostly employed for feeding the strong acid condensers. 

• 

t 

Control of ' the Ct^ndensation. 

This must take account both of the completenjsss of the* 
removal bf the- HCl horn the gases and of the strength of the 
acid. The* acid running out \3f the condensers, tanks, or 
receWers ought Ho be strong enough for sale acid, that is in 
winter 54“ to 36'^, in sumincr 30" to 32'' Tw.;Tor oivn use, acid 
of 23® to 2\^° is frequently sufficient, but the higher strength 
is preferable, Sometimes* samples are taken several times a 
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day and tesl/ld by the hydrometei^ but it is best to run all 
the acid coming from the condensing-apoaratus through a 
glass cylinder ir\ which a h}’drometer floats, so that the 
strength of the acid can Be* seen without the time and trouble 
of sampling. . • , 

• It should not be overlooked^ that hydrochloric acid cannot 
easily be obtained of th^ Jii^hest strength unices sulphuric acid 
of 140" or 144'’ Tw. is 'fmployed f©r decoftiposing ; < diciwisc 
too much steam has to be condensed togethc»with HCl. 

Nor should it be forgotten that the hydrometer at a high 
temperature indicate.. mu^«Iess strength than at a lower one; 
according to th€ Ublc*givcn on p. 45, an acid wWch at fs" 
shows 20'’ Tw., woulcf only show 16’’ Tw. at 70“. Before testing, 
the acid must therefore be cooled down to the ordinary 
temperature. * • 

Dr Angus Smith ‘ gives a special in.stance of the condensing 
process as^ob.served at a works at St Helens, decomposing daiJy 
6 tons 12 cwt. of common .salt, which ought to produce 76-16 
cwt. of dry HCl or 253-88 cwt. of 30 per cent, acid of 31" Tw. 
It appears that there was a blind roaster, and that both pan- 
and roaster-gas pas.scd into tBe same conden.scr. First they 
pa.s.sed throi^h g small cistern close to the furnace, in which 
in twenty-four hours jftjout one third of a cubic foot of 27 per cent, 
acid was conden.s(fd ; it was very impure, and its temperature 
was 46° C. In a sectind, more distant cistern in the same 
period 48-1 cub. ft. of 31 per cent, acid at 32 C collected; 
the condenser furnished in twenty-four hours 400 cub. ft. of 
29 per cent, acid at 54''-5 C. The percentage of HCl and steam 
in the acid gases was twice examined, and found as follows^ 
(I. evidently during the most, IL during the least energetic 
evolution of gas) : — 


% 

Ormi. U3O 1a 

1 «bm. of gAi. 

• 

Omni. UCl lu j 
1 cbnl. of 1 

. _ 1* — 

3 feet from the pan . . * 

II09'2'' 

' iSn -^>9 1 

Near the roaster 

H *35 

1 * I 

On entering the con lenscr 

5 ?^ 

293*38 


.*L « _ — 

1 j 


/ 


Eleventh Report on the Alkali ActSy p* 40. 

2 A 
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• . II. i 


— 

Grms. H2O in 

Grmff. HCl in 


1 cbm. of gai. 

1 cbn- of ga®. 

' 

3 feel from tl|e p.in . 

Near the roaslei 

146-0 

129-66 

1.46 

65-45 

On entcrin^E[ the (winlcnscr .< 

16-23 

1 ' • 

' 37-85 


The temperature of the pan-gaj was i8o°, that of the 
roastcr-^^as 3 1 5" Q, that of the gas o.itcring the tower 60'' C. In 
spite of this, only one-eighth of the HCl was condensed before 
reaching the tower, and the tower, had to perform the other 
seven-eighths of the condensation. ' ' ' ^ 

Tlic regulation of the draught is very ' important. There 
must be in the connecting flue a damper of glass, slate, ^stone- 
ware, or lead, which is regulated so that the gas can just pass 
through but docs not blow out of the working-doors of the 
furnaces. If more draught is given, uncondensed HCl gas 
inevitably gets into the chimney, even with an excess of w^ater. 
In some works the damper is put under lock and key, because 
the furnace-men are apt to open it more wddely in older to get 
more draught. Stoneware fans are often used in modern plants, 
and Messrs Kestner also make fans w'hich giv<i a suction if used 
after the absorption towers. In all w’dl-conducted modern 
w'orks, the final exit is placed at a low' level where it is under 
ready and constant observation To p'at it up the chimney 
at the finish is likely to cau.se bad work or bad control to pass 
unnoticed. 

If chimnc}'* draught is not available, the best method of 
V>btaining a draught is by the “ induced ” system. A high 
pressure fan ^of ordinary construction blow's air through one 
» or other V)f tw'o concentric ♦tubes and causes a suction in the 
other. Only pure air passes^ through the fan w^hich thus escapes 
qorrosion. Even when chimney draught is available this system 
is worth using, since it enables one to have an exit^which caa 
be kept under constar^ observation. .. 

The maximum allowable escape of gas has been already 
mci^tioned on p^230. This is perhaps the most important point of 
all in control — certainly it is the most difficult. ^ Sevej’al recorders 
have been ^eyised to Automatically measure and record the 
acidity of the escaping ga^s. The usual verdict on them is that 
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they require' the full-time attentiftn of a competent chemist 
to keep them working. Such an automatic recorder is, however, 
undoubtedly* possible, and whc.i a reliable one arrives it will 
receive a cordial welcome.* Even the continuous taking and 
measuring of samples is n 4 )t quite easy. 4 t is *best done, 
according t« Mactear, by a^ small gas-;neter, which, in order to 
prevent corrosion of it.s parts, is placed bcJixffu the absorbing 
apparatus. But an ordiilary aspirafbr of .sufficiently 1 irgc size 
will fulfil the same purpos<? iii a cheaper wa>», and is less liable 
to get out of order. Kuhlfnann Fils ^ proposes lo measure the 
speed of the ga.'ics by evc)l^fing coloui;cd vapours at the foot of 
the*chimncy, and observing the time which they tak 5 in getting 
to the top. 

Usually, however, only a certain volume of gas is aspirated, 
first from the entrance-pipe and then from the cftcit-pipe of the 
g^ses, and the proportion of HCl in both is estimated. For 
aspirating^, the AlJ<ali Inspectors employ small finger-pumps 
made of indiarubber balls, which on compression give up nearly 
1:onstant quantities of air. Standing aspirators are preferable. 
A very simple sgid cheap apparatus of this kind is represented 
in Fig. 139. It con.sists of* two gla.ss bottles, I. and II., 
say “ Winebestor quarts,” provided with a twice-perforated 
cork or indiarubber ^stopper, through which passes one elbow- 
tube ending just below it, and another reaching down to its 
bottom. We will cafl the former a and b, the latter c and d 
The tubes c and d are connected by an elastic tube ; another 
elastic tube connects either a or b with the apparatus through 
which the gas is to be aspirated — say, with a* small Woulfes 
bottle containing w^ater and connected also with the outlet df 
the condenser. One of the bottles, say I., is placed so that its 
bottom is raised above the neck c>f II. If, now, b is •connected 
with the ab|orbing apparatus, and 4he air Is sucked from a for a 
moment, the siphon formed^by c d and the elastic tube beghs 
’ to r^ii, wljilst gas is aspirated from b. When the^coiitents of I. 
are run out, the elastic tirtjc is detached tfrom /^,thc position of 
the bottles is changed, so tl^-c IL now stands higUei, and^the 
elastic tube is put upon a ; the coiflyction between c and d is 
not touched. ^ If. the attendant suckj for a moment at b, the 
apparatus starts w'orking again. Usually sufficient y^ter remains 
* ' Artfl/e IndustrielU^ 1678, p. 67. 
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in the tube b in the shape cfT beads to make the siphon start of 
its own accord. The quantity of water running out of the 
bottles, independent of that always remaining at the bottom, 
is determined once for all, or a more exact scale can be put 
upon the bottles* themselves. 

I'or absorbi^ig the acid-gasQs, either distilled ‘wa4.er, or weaf 



Fig. 139. 


soda soltition, or a measured quantity of standard silver solution 
is employed. ^ In the last case, the unused silver nitrate m^y be» 
determined wifh a standard .solution ^f ammonium thiocyanate; 
in the former cases the chloride-may be titrated with standard 
silvqr nitrate, with chromate as indicator, if the sulphur dioxide 
is first oxidised Some SO^ is always present, no^ only in the 
fire-gases, b^it«also in the condenser-gas not mixed with fire- 
gas, probably frdin the action of sulphuric acid vapoUr upon the 
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coke. Evei/ small quantities of make Mohr’s process 
impossible for direct use.. But it can be employed if to *he 
liquid a diluftsd solution of permanganate is carefully added till 
the pink colour just appears. All the SOg is now Oxidised to 
JdoS04; the licjuid is neutralked with soda, a Very .^ight excess 
of which dSes no hariji, r^o mOre than the (yctremely small 
excess of permanganate./ Potassiiwa chromjjtcis added, and the 
liquid titrated wit>i stancferd‘nitratc*of silver. 

As indicator for the exil-gases from acid*works, Mr Ballard 
recommends metanil-yello\^, which is slowly bleached by ohlorine 
or SO2, but witjJ^HCl yjeWs'a heliotrope tin^ . 

•For the titratipij of solutions which have a slightly yellow 
colour to begin with, Kirschnick^ employs a mixture of methyl- 
orange and sodium indigo-.sulphonate. ^Dissolve i g. of each of 
these substances separately in a litre of water each, mix 20 c.c. 
of the fir^t and 60 c.c. of the second solution and dilute the 
mixture to 1000 c.c. Of the solution thus obtained employ 
10 C.C. as indicator for each titration. Balic substances produce 
*a green colour, acid substances pink. Luther ^ confirms this 
and adds the stotement that tjiis mixed indicator is also very 
useful for the titration of liquids containing carbonates, in 
which case Ae produces an almost neutral grey, hardly at 
all perceptible in, dilute solutions, which is taken as the final 
point. Since the succession of colours is from yellow through 
green to grey (or colourless) and then to purple, the operatoj is 
prepared for the final point and more easily avoids exceeding it. 

Frequently, and in Great Britain always, in consequence 
of the requirements of the law, the task im^sed upon the 
chemist is to test the exit-gases not merely for, H Cl but also 
for their tota/ acidity. In this ca.se it is not practicable to pass 
the gases through titrated solutiefns of sodium carWate or ^ 
hydrate and to retitrate them aft«r addifion of methyl-orange, 
since this indicator is affectSd by SO^ differently fromUd aftd 
On the other hand, phenolphthalein has, the drawback 
of*being affected by COJ as well, which may frequently cause 
grave errors. But it is not,r^ecessary to renounce* the use of 
methyl-orange, when following the’ process employed by the 
British Alkali Jntpectors, who pass tly gases through a solu^on 
of pure hydrogen peroxide (free from Htl) in pi:re;fater. Thus 

» CAmuZeit., 1907, rw 960* , * Chem, zi$U P« l» 7 ** 
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the SO2 is quantitatively oxidised to H2SO4. \1^hen adding 
methyl-orange and tetitrating with standard solution of sodium 
hydrate or carbonate, the total aefejity is fbund^, thereupon 
potassium Chromate is added, and the chloride is titrated with 
silver nitratt. ‘ ' ^ 

In many c^^scs this -can \fc d^ne .quite easilj^, but very 
frequent]}' it happeps that v hen titriping with silver nitrate, 
a black or green precipitate is produced which altogether„ 
interferes with tTie well - know n Ved colour of the silver 
chromate. Such “ black ” or “ grefjn ” tests occur in estab- 
lishments of an}’ kind where salt is ^ccom^'ijscd, but more 
particularly in the exit-gases from copp^'r-cxtraction wonks. 
Carpenter and Linder, in the Thirty-fifth Report on Alkali 
J Forks, for 1898, state their experiences in this n^atter. 
Those colours arc caused by the reduction of silver solution, 
probably to a mixture of Ag.X) and Ag, which possesses a 
bliiish-black tint. The reduction may be caused by organic 
.substances contained' in the chimnc}' gases which c.scape the 
oxidisation by hydrogen peroxide. The following overcomes*’ 
this difficulty. After deternunnig as above tUe total acidity, 
calculated as SO.{, by titration with soda solution, add about 
0 5 g. calcium or magnesium carbonate and afterwr.rds 5 to 10 
drops of a 5 per cent, ferrous sulphate so\ution, agitate for 
a minute, decant or filter, and titrate the solution as usual 
with potassium chromate and silver nitrate. The precipitate of 
ferrous carbonate formed in that process carries down all the 
organic substance, and in the solution filtered from it the 
Ijydrogen peroxide does not act as a reducing agent on argentic 
nitrate, but is iputc harmless. 

If the question is merely to estimate the HCl, it was 
formerly considered sufficient to pass the gases through water, 
to oxidi.se the SO., by potassium permanganate, nei^tralise with 
sdtlium carbonate and titrate with pota.ssium chromate and 
silver nitrate,, as above. But in this process also “ greenly or * 
“black” tests occur, since the mangahous .sulphate, formed by 
the taction K^f SG.^ reduces somb, silver nitrate. This can be 
avoided, if after bidding tlgi potassium permanganate a mixture 
of ground chalk and potassium bichromate is used, but it is 
simpler to ri^l&ce the permanganate by hydrogen peroxide, in 
which case the difficulties jist mentioned .do not occur. 



CX)NTROL OF THE CONDENSATION 


375 


To ensure complete absorption* of the smallest quantity of 
HCl in the .large volume of gas, a simple ^bubbling of the gus 
through the liquid confkined in a Woulfe’s bottle is not 
j^fficient ; a larger surface of contact between gas^ and water 
jnust be produced. This 
very well dbne, for instance, 
by the small apparatus s^\Yn 
-in Fig. 140, and ^rst ititrcJ- 
duced by Mr Glendinniitg. 

The gas enters at a as usuUl ; 
it leaves the bjftles tljrougb 
thc^ wider tube which is 
connected with the aspirator 
at c\*b is blown into a bulb 
at the bottom ; and a number 
(if small ^ holes are made in 
that bulb. The whole tube 
is filled \\ith broken* glass. 

*It itt put down just to the 
level of the liquid. The cur- 
rent of gas carries some liquid 
through tha»fint holes into b 
where the gas aqd water arc 
mixed into froth by the broken 
glass and c(ime into intimate 
contact. The tube b should 
be pretty long, as the liquid is sucked up into it to a consider- 
able height. For the perforated glass ball an open glass tube, 
clo.sed by a cork with fine longitudinal nick.s, may^be substitutecl. 

Taking the Samples . — In order to take the samples, there 
must be i-in. holes (drilled in suitSblo places of the gjas-pipes of* 
course usually closed in some waj^ For\esting, a cork is put in 
which contains a glass tubJ reaching to one-third of the radius 
* of Jiie ggs-flue, and so placed that no drops ofjiquid can fall 
into it This tube is Connected outsWe with the* absorbing 
apparatus, and the latter wijlf the aspirator. • • • 

Jurisch^ has made a number ot experiments which#prove 
that the as^mption, accorduig t<^ which the velocity of a 
gaseous current at a distance of one-third of th^i radius Trom 

Chem, Ind,.^ 18^3, p. 425* 

* « 
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the periphery of the pipe of flue is equal to the mean velocity 
of the whole current, leads to errors between the limits of 
— 3 and +30 per cent, in the case either of horizontal, upward, 
or downward currents, lead pipes, earthenware pipes, or brick 
chimneys. J^or exact measuremonts a number of tests must^^ 
be taken at different p.oints Mf the radius. Uitfortunately, 
Jurisch gives no' hint how, fvom th^se various tests, the mean 
velocity or the real’ compol^ition of the gas is to be deduced,,, 
and we shall thcrtforc be constrairfed to adhere to the usual 
method, which at any rate yields rlsults sufficiently accurate 
for comparison. „ ' ' 

*ln the Hargreaves proce.ss some salt is fiiways carried aw^ay 
mechanically by the draught in the moulding and drying 
apparatus. This would affect the results of the chimney-test 
for chlorides, unless the salt were kept out, Mr Fletcher, as 
stated in the Alkali Inspectors' Report, 1877-78, p. 76, found that 
this could be done by filtering the gas through asbestos, which 
cit temperatures above loo"' C. docs not retain any MCI. Glass 
wool, on the contrary, retained some acid, probably by, its' 
alkaline constituents.^ ,v 

The Committee of Alkali-makers in 1881 gave the following 
mles for the testing of hydrochloric acid escapes ie— A. continuous 
test over twenty-four hours in one chimney, with intermittent 
daily bellows test at nine o’clock, or other specified time, to 
be taken and recorded ; particulars of tHe work done by the 
chimney to be given, viz., quantity of fuel-gases passing into it, 
whether close or open roasters are used, and any other particulars 
that mr.y be desirable. The observing-apparatus to consist of 
three bottles or tubes containing not less than 100 c.c. of 
absorbing liquid, a depth of 3 in. in each. The aperture of the 
* inlet-tube hot to exceed .h of an inch in diameter, and of the 
second and third 'Wires for the purpose of mea,suring this 
wiU be supplied by Mr Muspratt. 'Absorbing-liquid: distilled 
water free from chloride. Speed of aspiration as^ near^ as ' 
possible f cub. ft.jjer hoKr. Mode of testing : decinormal nitrate 
of silver (iq-8 Ag per litre), and “chromate indicator.” The 
intern3.ittent test, above all^ided to, to be made with bellows at 
a stated hour, and once daily, bu^ at such time jis the escape of 
hydlFochloric acid may be expected to be greatest. Temperature 
‘ Cf. Davis,/. SocKiChem. /nd., 188^, p. 375. 
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and barometric pressure : the vanlitions of these to be noted, 
and corrections made t<^ 3^^ snd^ 6 o F. The resu'ts 

to be stated "in gi^ins per/ubic foot. 

• The above rules do not take into account that the chromate 
indicator does not act when (as is frequently the case) SO, 
“occurs in tRe gas; but.we hav. seen. (p. - 372 ) that this can be 
remedied by oxidising the SO, b>k means of permanganate. 

For apparatus for testirfg the ^xit-gases from acid towers, 
reference may be made fo the papers of* Lovett,* Pringle,* 
and Davis,* which give de.stripticns of testing-apiiaratus actually 
in use, and Technical Qhemists' Handbook, IJ16, 

P- ♦49- .*• . , 1 j u 

The latest contribution to this subject has been made by 

G. Kohn.* If a highly diluted gas passes through a series 

of towers under equal conditions, the proportidn between the 

total quantity of absorbable gas and that actually absorbed 

will be the same. in all towers. Hence, if we ascertain the 

quantity of gas absorbed in each tower,* we can calculate the 

•quantity of gas not yet absorbed. Let us call ir, b, c, the number 

of kilograms ofigas absorbed in towers a, b, c ; ; the kilograms 

of gas leaving tower c unabsorbed. Then is 

• a _ _ ^ ^ 

and Ifx = (b c 1 ) \ {c -\r z) z = ^ _^* 


In practice absolutely equal conditions of absorption are not 
attainable, and not even desirable, but the formula allows of 
drawing conclusions on the possibility of impro\A:ments. If we 
call the proportion of the absorb(id to the total quantity of the, 

gas to be absorbed in each towflr^. add r the total quantity 


of this gas, then is 

q q 1 


I : ^ ; and* ^ ^ . 

q <l ^ 


Also ^ therefore ^ = 

q b 

r- 

> / Soc. Chem. Ind., 1882, p. 21a 
* Chem. News, 41 , 188. • 


• • 


- /bid., iPSx, p. 58* 

< Cheitr Ziit, I W* P- 758* 
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The yield should approximately correspond to this equation. 
The value ^ is independent of the totil quantity to be absorbed. 

On applying these principles to r. .series of three towers, the 
average value of .7 was found 0= 8-3 per cent., anK in reality 
the lo.ss by the exit-^ascs w/is ver} nearly equal to this, viz., 
9- 1 per cent. ' ^ 

The reports of*’thc in.spcctors urxler the Alkali Acts show 
the actual state of affairs with respect to the e.scape of HCl at 
the Enj^Iish and Irish factoric.s. For the year.S'up to 1901 we 
refer to the'’ previous editions of this treatise;' and we .shall h^re 
merely quote the fif^ures for the average escape of acid-gases 
from 1902 onward, including some interesting statements from 
other manufactures. For the years 1905 to 1907 the Scottish 
works arc included in the above. In the original the figure.s 
are. given also for each di.stnct separately, ^and are given in 
grains per cubic foot, but wc have also recalculated them for 
grammes per cubic metre : — 



11102 

1008. 

1004 

1006 

-It 

1000. 

1007. 

Nuinlier of saluMke-work.s, registered 

51 

47 

4.’ 

54 

56 

54 

„ cylinder nuiri.itic-.itid works 

Ib 

lb 

>7 

19 

20 

18 

„ Milphunc-acid works . 

171 

Ibq 

, IbS 

192 

190 

277 

„ ihemical-ni.uuHC works 

17s 

173 

Iby 

211,- 

208 

207 

1 HCl in clmniicy f;.isesof .dkali-works. 




j:jrains |x*r luhic fool . 

c.o8b 

c-o8y 

0-081 

0-083 

o-o8a 

0-082 

~ jjrammes jier cubu' metre 

Olqb 

o-iM; 

0-185 

0-191 

0-189 

0-189 

cent, of louUllCd jirixluced 

(jS.fq 

qS.47 

yS-bq 

98-52 

98.22 

98.31 

Acid-jjasca estMjHnf; fiom sulphunc- 
*^acid thaniliers, given as Sl>.„ 


! 



grains jier cultic fool . 

1 216 

, 1-248 

1-191 

1.227 

r-197 

I-I45 

— gramme'' }K*r cubu metre 
Acidityof g.isA«iof all cbimney.^,as SO,, ; 

' 1 

; 

2-724 

2-802 

2-753 

2-619 

grains j)er cubic foot . ^ . 

o-7o() 1 

0-728 

0-775 

0-793 

0-737 

1-044 

- grammc.s jicr cubic metie . ! 

Ac'dily of gases from condensers of 
manure-works, as the SO;, equiva- 
lent of IHSiK^i 

grains jxr cubic foot . , . | 

-t.6i4 

1 

1-028 : 

1 

i 

, 1.772 

1-824 

■-t>95 

1 

2.388 

0.325 

0-2#t 1 

0*228 

1 0-228 

0-214 i 

0-202 

- grammes j>er nibic metre . 1 

I 0-743 

0-558 j 

0.521 

; 0-521 

0-492 i 

0.462 


Under the Alkali, &c., Works Regulation Act, 1906, which 
cam^ into force on the ist Jan. 1907, the Alkali Acts of 1881 
and 1892 were entirely re^^ealed and many new regulations 
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introduced. # Among the main poiifts of diflerence the following 
may be noted : — 

Chlorine • Woria . — ThI* definition is expended to works in 
which chlorine is used in any process. 

^ Muriatic Acid IForhs nokv includes any works .(other than 
alkali workf) where hydrochloric acid .is evolved in any manu- 
facturing operation whatsoever. * 

• The term “alkali-works” frorft 1907* onwards comprises 
every work for — • • 

(a) The manufacture* of sulphate of soda or sulphate of 
potaJl?, or ♦ • • ^ 

• (I?) The treatcTM^nt of copper ores by common salt, or other 
chlorides, whereby any sulphate is formed, 
in which muriatic gas is evolved. 

The table on p. 380 is drawn up from the Annual Reports 
on Alkalf Works. 

4 

Yields. 

The results^of working the condensers have been mentioned 
several times before, particiflarly the unsatisfactory results 
obtained w^h ^he older condensers. Few works [)ossess any 
contrivances for ex&ctly measuring the acid produced ; only 
where all of it is sold can a complete check be obtained. So 
much is cert^ain, that ‘with really good condensing-apparatns by 
far the largest portion of the HCl given off can be recovered. 

Theoretically 100 parts of NaCl would yield = 62-32 

dry HCl, or expressed in acid of 34° Tw. ( = 32- 3 per cent. HCl 
at 0° C.), 193 parts of such by weight, or nearly 165 litres for 
100 kg. pure NaCl, = 368 gallons •per ton. Commoa salt 93* 
per cent, would theoretically yigld 179-5 *5 3’ 3 litres 

at 0° C.) of the above acid,V= 343 gallons. • ^ 

On calculating the acid to be obtained per ton, not merely 
the percentage of the common salt employed*, but also the 
NaCl left in the saltcake mu«t, of course, be ta1<en^into account, 
which reduces the amount of acid obtainable. ^ * 

Of th^ ma^jy statements of ftie actual yield of liydro- 
chloric acid,*only a few need te rej5eated her(;. H. Allhaaen^ 

* * Richardson and l^atts^ 6 , 235 .* 
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states the jpesult of six accurate •trials on the large scale as 
follows 

68-6o^er c6rU. of thellieoretical yield from the pan-gas. 

29-40 „ „ * * „ „ roas;er-gas. 

2-00 „ loss. 


(Jlapham^ ‘states as the reiiult of six months’ accurate 
observation 

100 parts of commoti saft yieldetf . 55-80 H Cl 

Left in the sulphate .• . . . • 1-52 „ 

Loss . . 0-58 „ 

J^pssible yie^d • . . . . 57-90 „ * 

At*Mcssrs Garrett’^ of Wigan, there were condensed : — 


In the stone cisterns . . • . 66-04 per cent. 

„ receivers following them . , 33"396 ,1 

„ coke-tower .... 0*56? „ 

Found in the gas leaving the latter . o 002 „ 


100000 „ 

• This, however, only refers to the HCl found by analysis, 
and takes no account of losses by leakage, etc. 

According to Schrader {tbc. cit), from 92 per cent, salt as 
much as p^rts of acid of 34° to 36“ Tw. can be actually 
obtained, instead of *175-9 parts by theory ; according to Payen, 
120 to 125 parts instead of 154-7; according to Balard,'-^ at 
Chauny 95 jjer cent, ctre recovered, viz., 150 parts acid of 21° 

(34° Tw.) to 100 parts salt containing from 5 to 6 per cent, water. 

The following figures were supplied by a German works : — (a) 
133 parts acid of 21® Bd. ( = 32'’Tw.) from 100 fferts of a mixture 
of 72 rock-salt and 28 nitre-cake ; {b) 140 to 150 parts of acid vf 
20® Bd. from 100 parts of common .salt. At Ail.ssig, where the 
very pure salt of Neu-Stassfurt* (which contains 99 per cent* 
NaCl, and^ields 120 per cent, of.sulphate) is employed, a yield 
of 148 parts of hydrochloXc acid of 34® to 36'’ Tw. i.^ obtained 
» from 100 parts of saltcake, or 170 parts from 100 parts of salt. 
Athene of the foremost German works^they ob{ain*‘d in 1884, 

1 80 parts acid of 20" Bd. (sj»gr. 1*163'' ^*" 0 ^ parts of best 
common salt. This would be equal to neai;)y 173 par^ acid 
of 34’ Tw., ^ . . * 

* Richardson and Watts^ 6, 260. • 

* Rapport^du Jury Interna^onal^ 1867,*?, ift. 
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The yield of acid from mechanical furnace^ has been 
mentioned, pp. 145 and 15 1. 

A German works employing plate-columrts” (“Lunge 
towers”) obtains from 100 parts of 99 per cent, rock-salt a yie)^ 
of 183-2 parts acid of 20° Be., .which is superior to any of the 
above-mentioned cases. 


Cos^s of^ Plant and J i ’orkjng of a Saltcake 
and Muriatu-Acid Works, 

^We quote these from Th. Meyer,' as '^.eferring to a 
production of 2100 tons of muriatic acid of ?o'’ Be. ( = 32j°Tw.) 
and of 1485 tons .saltcake. 

■ A. Cost of Plant. 

Ciround space .... 

* r^uildings 

Muflle-furnace andMccomposing-pan 
Preliminary cooler 
Condensers and final tower . 

Staging, supports, etc. 


B. Workiivo^ P.xpenscs {per annum). 



1235 tons rock-salt, 97-5 per cent. . at M. 

1-20 = 

14,820 


1275 „ sulphuric acid, 1-7 sp, gr. „ 

2-00 - 

25,500 


62 „ nitre-cake for denaturing the salt „ 

I-OO = 

620 


445 M coal . 

1-70 - 

7,565 


Small stores,** lighting 


1,000 


Repairs ..... 


3,500 


Wages ; 330 working days, 5 men . „ 

4*00 ~ 

6,600 


Foreman (manager) 


3,000 


Interest on cost of pl.ant, 4 per cent, on 40,000 mark 

1,600 


Depreciation of buildings, 5 per cent, on 15,000 „ 

750 


t • „ plant, 10 per cent. Cn 25,000 

, ‘ ■£! *28 84 mark. ^ 

>> 

2,500 

67,455 


Assuming the. 1485 tons of saltcake to fetch a price of 2-8o 
marfc^per ton — t^iat is, 41,580 mark — this leaves for the 2100 
tons muriatic acid (32i’'Tw.) a cost of 25,875, or 1-23 mark per 
lO^Icg. (say, 129. o^d. per ion), exclusive of general expenses. 

* }*abr. V. Sulfat u^d Salzsaurey 1907, p. 77. ' 


ll»rk.* 

5.000 

15.000 
9,500 
2,800 
6,700 

3.0 00 

40.000 



t'UJVn'lINO JttI JL»ltUV;ilLUKHJ 


383 


Pumping Hydro^tloric Add, 

Formerl*;^, wl^enever was proposed ft) lay out an alkali- 
works, the very first requirement to be fulfilled was^to take care 
tnat no pumping of hydrochjoric acid should Uke ^lacc on any 
^account. I;ven the weak acid from post-condensers was only 
pumped up at a very ‘fewg places for* fecding;»the strong con- 
densers, because the pjmj^ing coatrivanocs then known were 
*very defective, and were frequently abandonq^ even where they 
had been working for som^ time^ 

Nowadays position c^f matters is quite different. * Stone- 
ware pump§, wlficlvvetti formerly almo*st regarded as^playthitigs, 
are* now made o^ftjuitc a serviceable kind; and stoneware 
is made strong enough even to serve for “acid eggs.” Instead 
of the easily melted gutta-percha, ebonite is enaployed. Even 
acid-resisting metallic alloys arc known and employed. The 
‘^membramc* pumps ’’ afford a means of altogether avoiding the 
contact of acid wifli metals. , 

, The difficulty at present consists in deciding which of the 
mari^^ contrivances to choose for pumping hydrochloric acid, 
but nobody n(?ed now shrink* from raising not merely weak 
but also strong acid to any desired height. P'or good reasons 
this will even now, ^ possible, be avoided in the case of strong 
acid, and it is always preferable to lay out the condensing-plant 
in such manner that*there is a natural fall for the acid to be 
used or sol8 ; but it is very fortunate that tnis ’s no longer 
imperatively required, and that even strong acid can oe pumped, 
which is especially important in the case of ohanges of plant. 
Weak acid is nowadays pumped without any hesitation, 
probably in the majority of works. • 

We shall now describe the v^if^’Js plans for raisking hydro-^ 
chloric acid. 

• • 

Force fumps can be coi^structed from acid-proof i^onewi^re, 

, or from metal with acid-proof lining, or entirely from acid-proof 
alleys of* metals. We ^how here tl^e stonc\vfarc.pumps of 
Doulton & Co., of LambetF (Fig. 141), and those of the 
Deutsche Ton- und Stein zcU|^werkedof Charlottcnburg (Fi^.842). 
The latter has the advantage that* the valve-seats are easily 
accessible ;* the valves consist* of iiTdiarubber halls (for skric 
acid of stoneware ). 1 he packing^ washers •c 3«sist of india- 
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' . rubber or asbestos, and tfce application of screw-fastenings, 
which in the case of a fragile material like stoneware, is always 
a source of weakness, is reduced to aA|fiinimuip. 

A very^ similarly constructed ptimp, made of a peculi^ 
white metallic alloy, according to^ Hargreaves and Robinson^ 



*■ F\g. 141. , 

patent, is made by \V. H. Bailey & Co., Salford, and is employed 
by many manufacturer^ It is shown /n Fig. 143. ' 

Metallic^ pumps, with ebonite lining and other parts, also 
simila^r in principle to those shown here, are built by L. G. 
Dehne, of Halle (Prussian Saxony). 

Vinother kir\d of pump, in which the moving- parts do not 
come into contact with the Jiquids, but impart the motion to it 
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Flo 142. 



Fid. 143. 


« » 

by a flexibly menjbrane, is called a ''jnembrane-pumpr These 
pumps have been patented in Britain by Hazelhurst (i95/ft>f 
1874; I 50 *and 2527, o^f 1876), and are shown id rfg. 144. 
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# C* • • 

A A' is an* ordinary *pu/hp-barrel ; B B' are t\^^o cast-iron 
saucers; C, an inc\iarubber diaphragm, separating the two 
saucers so that neither liquid nor airman passrfrom one side of 



' % 

the diaphragm to the oth^T. D D are indiarubber ball-valves, 
tl?^‘lower one ^or the acid suction-pipe, the upper one for the 
df‘Hvorv.nin«‘’' K is a watr-ir-cistem, compunicating'by F with 
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the side 4/ of the pump-barrel.* \^heii the fiimp is set in 
motion, the diaphragm Qwaves to and fro. drawing and forcing 
the acid through, the v^ves D D. At each back stroke the 
•vater m A' shoots up the pipe G and is delivered •into the top 
of E ; at GdiQ\\forwa?d stroll the water fills A' from the bottom 
of the cistd-n through f. Thu« the water is constantly changed 
without any valves whatsoever, tvoiding thc^ drawl ick caused 
by the inevitable cntmigtement *of air ‘passing through the 
gland K. The acid feed-dstern may be placed either below or 
above the pump ; in the hatter tase an air-vessel is required on 
the suction-pi^. Al^ pArt's requiring it aic lined^ with igdia- 
rubber (or might*. be made of earthenware). This pump is 
specially intended for pumping back the weak acid to the 
strong acid, and it is employed successfully at many work'll. 

Other descriptions of membrane-pumps are* employed else- 
iffhere, the parts in contact with acid being formed of acid-proof 
bronze, of an allo^^ of lead and antimony (which in many cfises 
does not answer), or of ebonite. E. Hauftsmann, of Magdeburg, 
supplies membrane-pumps without pistons, actuated directly 
by steam. • 

Among simple metals antimony^ especially when very pure, 
is the onl)i one* which resists both cold and moderately hot 
hydrochloric acij or its vapour. Hargreaves and Robinson 
(B. P. 5809, of 1882) patented the use of this metal for cooling- 
pipes, evap§)rating pans, and other apparatu* serving for the 
treatment of hydrochloric acid. Later on, Mond proposed 
it for use with ammonium chloride, which comes to the same 
thing. For pumps, etc., antimony, owing to its brittleness, 
cannot be employed, but may be used for lining.acid-cggs, etc? 

Acid-proof bronze^ according to Dc‘bit^,^ can be made of 
15 parts copper, 2 34 zinc, 1*82 leSd. and i i antimony. * 

Word^orth and Wolstenhftlmc (B. P. 1429, of 1882) 
employ an indiarubber b%, contained in a chamber whica it 
alrjost ^tirely fills on expanding. Both the, bag and the 
chamber are accessible *by separate p^ipes. .The *acid to be 
raised is admitted into the chamber, whereupon water is forced 
into the bag, so that the acid is foiled out of the chamber into 
the pipes inppded to convey ,it aw^y. Or else the acid is^ut 
into the bag and ^he v atcr outside. 

\PolyL NoiizbL, «88, p. 136.' 
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A very peculiar and* very ingeniously contrived pump, 
devised by Schlotter /or strong hydroclfloric acid, was described 
in the first edition, Vol. II., p. 258, ^nd illu<?trated by large 
diagrams, ft consists of several i-in. glass tubes, coupledo 
together in a*framd, dipping into art acid jar, which are jerked ^ 
upwards and tak^‘ acid along by»friction^l resistance? As they 
arc fragile and do* nejt perform mucl} work, they seem to have 
gone out again, and will not he desefibed in detail here. „ 

CcntrijHo;iil pumps, made of stoneware, by the Deutsche Ton- 
und Steinzeugwerke of CharloftenbUrg (Ger. Ps. 154525 and 
2317^3) are .constructed to lift large quantities,' jpj to 5CX)0 cub. 
ft. per hour, of acid liquids to moderate heights. V6ry favovr- 
able reports on these are made by Schulze- Pillot ^ and Plath.^ 
*The application of cojiipressed air, quite general for purrkping 
sulphuric acid m “ acid-eggs,” was tried also for hydrochloric 
acid many years ago, but at first in an imperfect form. In th6u 
first* edition, Vol. II., p. 252 ct seq., ClaphamS apparatus, con- 
sisting of an acid-egg 'lined with gutta-percha, is described and 
illustrated. This apparatus was not employed except at ^the * 
works managed by the inventor himself, becav’.se it was too 
troublesome to cool down all the acid and needed incessant 
repairs. Nowadays these drawbacks coiijd <»te avoided by 
employing ebonite-lined acid-eggs, or those m^de of stoneware, 
like that shown in P'ig, 146. 

A more recent .shape of these automatic eggs ^ described 
in the Z. augezv. Chem., 1907, p. 1187. HS shows the 

connecting-pipe r, acid-egg e, rising-main d, entrance pipe 
for the liquid /, valve for the escape of air a. The ball-float 
d has two seqts, one of these in cup /, whereby the air, 
entering through //, is .shut off, and the other at a, which 
prevents the liquid from flowing back while rising in d. In the 
first instance a is opeli, as the ball-float d by its gravity rests 
on Vi ; liquid enters / and fills e. Wften the valve-box has also 
been fitted with liquid, ball d, being hollow, rises fronp its spit, 
whereupon compressed' air enters ahd forces it against a. 
Now* no gas\:an get out at a ; the ?ir, therefore, presses down- 
wards* and forces 'the liquid from n and the acid-egg e, through 
th^ising-main filling alpo the T-piece c. Whqn has been 
em^cd to the 'point that air begins to escape through A, the 
* Z. Mtgew. Chem^ 1906, 42a /didf 1907, p. 444. 
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liquid colifmn c at once exerts its weight ani forces d down 
upon / Liquid from f-then enters agaig into e, and the cycle 
begins over ag^in. Thf principal advantage of this apparatus 
•is its^ entire independence from the specific gmvity of the 
liquid, and the restriction fcf moving parts *10 twe balls which 
can be alvfays replace^ when Iwokcii/ 

Angerstein (Ger. an eartlfcnwarc pot inside 



an iron one, and if necessary fills the intermediate spsfce 
with pitch. 

The Deutsche Ton- und Steitizcugwcrke of ChtrlottenLurg 
supply stoneware acid-eggs up ^o a caf)acity of 450 gallons, if 
intended for a pressure iiot exceeding one atmosphere , also 
•* eggs allowing a pressure of four atmospheres, but holding only 
frofn 20 to 30 gallons. • ^ • 

Wimpf and Schmid (Ger. P. 45729} empb>' an.earthciyvare, 
vessel, A, Fig. 147, tested to a pressure of, five atmospheres, 
placed in ^ the ^cid-cistern itself. Jn the lowest part of the 
conical bottom, a a, there is a hole, clo.sed by a ball-vai^, k. 
r is the ^ipe for copi pressed air ; 4^ the risiftg tnain, closed by 
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the ball-valve A In the 'pipe r, between the vessel^ and the 
air-pump, there is aq enlargement r, filed by an elastic bag b 
[cf. the similar contrivance of Wordsworth and Wolstenholme, 

p. 387). This bag com^ 

• plctely protects the air- 
pump against * the acid 
apours in A. When the 
-air-pump is working, it 
^lercly compresses the 
dastic' bag, whereupon a 
'certain qinifitity of acid 
rises th^bugh /, 'k\ and jc ' ; 
when the air-piston goes 
back, k opens, acid enters 
from without, and the bag 
b is again expanded. v 
Instca,d of the ordinary 
way of employing com- 
pressed air, the pulsoni^ter* 
/nV?/ A’, which works auto- 
matically and without taps, 
can be advantageously em- 
ployed. ,Fig. 148 shows an 
apparatus on this principle, 
constructed byeP. Kestner. 

The illustration clearly 
indicates the extreme sim- 
plicity of the mechanism, 
all the parts of which arc 
stro;ig and reliable in 
operation. The liquid con- 
tained in the fepd tank A 
mils b\' gfavit}' into the cylindrical Body B of the acid elevator. 
As .soon as the body is full, the acid operates the part of 
the float which, .by meyhis of the rod ‘C closes the air exhaust 
valve and (ypens the compressed , air valve. The liquid is 
discharged through the pf'pe T, and the air, after delivering 
the liquid, exhausts througii the .same pipe, caq^irvg a fall of 
pre^rc in the apparatus which operates the valves in the 
opposite direction. This c}llc being then ticpeated. It will be 
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observed that l\iere is'nothetk valve on the deliverj^ pipe ; this 
is a very important point, as it simjjlifies the apparatus and, 
consequently, reduce*s maintenance ci^arges. • 

. For elevating ' Viydrochloric acid thesi^ 

^ilcvators are Jinad throughout all parfs with 
ebonite. In Qne form an earthenware body 
'^is used, in, anothqr , a* cast-iron body lined 
wit^i ebon he. t • 

• h'or success in it^orking, the elevator pipe 
should be run vertically upwards to the 
maximum height ‘dosired and ,the pipe then 
run with a downward fall in the desii^d 
direction. The external appearance of the 
Kestner elevator is shown in Fig. 149. « 

' Special mention may be made of the 
aciiUpipe connection employed with very greai, 
success at Aussig, and apparently superior 
for pumping-pipes to the ordinary systems. 
Instead of cementing and stemming, ^^he ' 
joints are made by an india-rubber ring put 
round the spigot end of one earthenware 
pipe which is put into the f;i4icet,iend of the 
next pipe with a certain degree of friction. 
This joint is not only perfectly tight, but 

m gives to the whole length a certain degree 
of flexibility. The pipes themselves may be 
made of earthenware or even of glass. 

Purification of Commercial Hydrochlonc Acid. 

The impurities of crude muriatic acid have 
been . enumo-ated on p. 65. No^i- volatile 

impurities can bet removed from the acid 
most easily by distilling it with tl;Le usual 
^precau^ion of rejecting the first and the last 
Fig. 149. , portions of the ‘ distillate. Ferric chloride 
^ passes ovci towards the end of the distil- 

lation. It can be retained ^y adding phosphoric acid but not 
by ^cLng zinc or stannous chloride (to reduce it to FeCy. 
Purification prof a Sulphuric Acid. — Very, frequently hydro- 
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chloric acid is wanted almost entifel^ free fronf sulphuric acia 
e.g, for purifying the sgent animal charcoal of siigar-wor’is 
Hydrochloric aci^l cont^ing but little Sulphuric acid is alsc 
desirable for the manufaetiire of chlorine by the Wejdon process 
^ and e^^n more by the Deacgn process. , 

During*thb course of the manufacture the pan-acid, whicli 
contains but little sulphuric aci^, can be k«j3t separate from 
^ the roaster-acid, contaiiflng^more of it. Im the Deacc n process 
formerly only the formei^was employed, a4id the latter was 
utilised at the same worlds by Ihe Weldon process. We must, 
however, first /insider thoca.se where the acid must* contain 
evgn less Sulphlrio acfd than is contained in ordiiufry pan-%cid, 
and that in which* the roaster-acid is rec]uircd to be brought to 
the s^me state of purity. ^ 

A practically complete removal of'thc sulphuric acid from 
Jiydrochloric acid can be brought about by a careful addition of 
a solution of barium chloride. This has been known and 
practised for very mfiiiy years past, e.g^ for the acid sold to 
•sugar-works for purifying the “char”; it was, notwithstanding, 
again patentee^ by Wigg (B. F. 1220, of 1882). 

It is rarely required that toaster-acid should be purified to 
the degrei^of ^ing saleable as perfectly pure acid, but it is 
frequently desired tt) make it similar in quality to ordinary pan- 
acid. This can be done to some extent in the operation of 
condensingjt. It is fnentioned .several times in Chap. VII. that 
by the application of a “ preliminary tower ” a great part of the 
sulphuric acid can be kept back by employing in this tower 
just sufficient water to retain the sulphuric atid, but very little 
HCl. It is, however, impracticable entirely to exclude the 
sulphuric acid by that means, since the gases* mostly contain 
sulphuric anhydride, which is with difficulty completely absorbed 
by passing over water, so that ^ometinjes in the last receivers 
of a series more sulphuric icid is found than in the fir«t. ^ 

In well-managed works the pan-acid contains from i to | 
pef cent., the roaster-acid j to 1 per cent. SO.j, but* even up to 
2 per cent. SO3 may be founil in the latter. 

In the manufacture of chlorine with native manganese, the 
sulphuric acid contained in roaster-acid is hardly injurious at all ; 
it simply replaces its equivalent of HCl, an^l forms 
In the \V'eldon j^oce.ss, howev^, it is inconvenient, since 
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it forms withVhc c&lciftm •chloride a precipitate of calcium 
sulphate which in the neutralising wqlls increases tfie quantity 
of mud, and caused much loss of ^pangane^e copipoun^is in 
the recovery, until it was properly understood how this muj| 
can be deprived (#f its soluble .poriions by methodical \fashing 
or by filter-presses. -In order , to prevent this Source of loss, 
Weldon and Stiype (B. P. 2 ^ 2 , of i(S§i) treat the roaster-acid 
before use with part^ of Ihc^ calcium chloride solution running^ 
to waste in the V/eldon proce.ss, and separate the clear acid 
from the precipitate formed. . 

Sulphuric acid is much more injurious in the Deacon process, 
than in the Weldon proce.s.s. For this reason for many y^rs 
only the pan-acid was available for this process, and the 
r(vister-aci(I had to be dispo.scd of elsewhere. This ^reat 
drawback of c\.)urse called forth various proposals for puri- 
fying the roaster-acid, some of which gave at the same tin^ 
a mixture of 1 1 Cl vapour with air, suitable for the Deacon 
process. « ' 

In 1880 K. Solvay (B. P. 837, of 1880) propo.scd the employ-* 
ment of calcium chloride for the production o^ pure gaseous 
HCl from impure hydrochloric acid. A .second patent of his 
(communicated to W. L. Wi.se, B. P. 12421, oC;,884} prescribes 
running impure hydrochloric acid into a concentrated boiling 
.solution of calcium chloride, of a boiling-point of 1 50'' or 160°, in 
such manner that the temperature never 'sinks bc|pw icx)”; in 
this ca.se pure HCl gas e.scape.s. The liquid in this process is 
stirred either mechanically or by a current of air, which is 
regulated in such manner that a gaseous mixture suitable for 
tile Deacon process is obtained. This process can be made 
continuous b)' running a stream of concentrated hot calcium 
thloride .soKition, together wkh as much impure hydrochloric 
acid as it is able to c^ecompase, through an apparatus divided 
int^ several compartment.s. In tnis case there is a con- 
tinuous evolution of ga.seous HCl, whilst the CaCl^ solution 
runs away,*j.)ractjcally fr«e from HCl. Any acid remaining in 
the CaClg iioluti«>n is neutralised by lime, the solution is 
concentrated by evaporation and is used over again. 

Margueritte’s P'r. P. 217005 also describes., the purification 
of tiydrochloric acid by CaClg, but there is no particular novelty 
about his prop6sah. 
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Voster j^Ger. P. 50510) propo^d •pa.sl^ing 1|ie roaster-gas, 
before entering the cond^nsing-apparatus, through a tower in 
whicli it me^ts a«(ine spgay of barium-chloride solution. . The 
temperature in this tower ‘is kept high enough to prevent any 
condensation of hydrochloric^acid. • ^ 

Lunge a*id*Naef (Ger. W 52^2) proposed expelling the pure 
HCl from impure roaster-,a|id by % current of Jht air, (‘mplo)'ing 
just enough air to formta ipixture** suitabk^ for the Dencon or 
some analogous proces.s. .For this purpose® the hydrochloric 
acid itself must be first heated,® and the heat must be as much 
as possible utilked on Vh(* counter-current principle, 'e.g., by 
a combination of dsterms with a “hot-air tower.” * In.steafi of 
hot air it is very 'advantageous to employ the hot gases from 
blind, roasters, which in this case are cooled down to such ^in 
extent that they give up their sulphuric acid, together with that 
^•ntained in the previously condensed roaster-acid. This pro- 
posaj, very fully worked out on a laboratory scale, was considered 
to be quite practicable and very advantageous by eminent 
•practical men ; but it was not introduced on a large .scale, 
because in th^ meantime Hasenclever’s prcKC.ss {cf. below) had 
been introduced in actual pl'actice, and the few factories in 
which it co^jld of any use were unwilling to ri.sk the unavoid- 
able expense and trouble of working out a new proces.s on the 
large scale. 

Whilst ^lone of tfle proce.s.ses hitherto menticmcd has jo far 
made its way in actual practice, greater succe.ss h.is attended a 
proposal, first made in 1883 by Hasenclever (H. l\ 3393) and 
again patented in 1888 by the Rhenania "Chemical Works 
(Ger. P. 48280). It is founded on c'xpelling the IICI from 
impure hydrochloric acid by hf>t sulphuric * acid. P'or this 
purpose a number of .stoneware A lmde^.s, Aj, Ag, * 5 ^ 

to 152) are connected by pipc» A Agitation is produced by 
mechanical means, or, wfcich is decidedly preferable, b\ » air 
introduced through the main pipe L at c, which together with 
thJ HCl at once fornTs a ga.seou.s mixture^ suitable for the 
Deacon proce.ss, and is carrR J off by the pq)cs ^ cither into i 
or into f. Pipe e .serves for the g^es direcjly suitablc^for the 
Deacon p^oce.s‘i,/for dilptc ^a.scs ^om which the HCl is again 
recovered. At g and h crude hydrochloric aji<i suIphuiK%cid 
enter, in the propo^^ion of about parts efi the former to 55 ® 
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of sulphuric a^d of at z the sulphuric acid runs away, 

now diluted to i23°Tw., and is agaip concentrated' to 142° Tw. 
by evaporation, in order to be uso(| over .again.. In practice 
this is donp by surface heat ‘ ' ^ 

In actuaj pracUcc Hasenclever’.Syproccss is performed ^in eight 
or ten stoneware cylinders, abo^it 2 ft 6 in. wide' and 4 ft. high, 
protected against lo.ss of he^t by a^ wooden jacket, and at the 
bottom by a lead oi« cast-ii^jn socl^et Jn case of cracking. The 
sulphuric acid runs in with a sp. gjr. of 17 1 (measured cold), 

• Fig. 150. Fig. 151. 



a|?d a temperature of about I20^ just as it comes from the top- 
fired pans, in such quantity that there are seven parts of it to 
(jach part (/^ roaster-acid of 30"’ Tw. The air is injected by a 
perforated pipe near the bottogi. 

The liquid acid mixture flows through the enfire set of 
cylinders, but the gaseous mixture of HCl and air is taken from 
only half of the cylinders for the Deacon process ; the otiier 
half merely serves for expelling the small remainder of HCI, 
which would injure the lead pans in the reconcentration of the 
sulphuric acid. The HCl expelled here is condensed to weak 
acid, water, is cooled, and is pumped on to the roaster-acid 
condenser, whene ir is agaiq brought to 30° Tw. by fresh gas. 
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The prcKess goes on perfectly weH, and it is e^n possible to 
extend it to the pan-acid.^ This has the advantage of yielding 
a unifbrm mi^turapf air ^nd HCl in propoftions exactly suited 
t% the Deacon process, so thkt the reaction 2HCl -f 0 = H^O -f Clg 
,can be ^rried much further tiian.is otherwise possible, giving 84 
per cent, conversion instead of 45^cr cent. (According to private' 
information received, the ^s^rengtl^ of the acid#[iocs not exceed 
^ per cent. HCl.) It is 5 ‘ue^that the expc«sc of the i rocess is 
rather great, viz. 16s. per tqn of bleaching-pow^ilcr. The cooling 
of the dilute hydrochloric acrl is also troul lesome. The 
quantity of air, must be ‘^x^ctly regulated. This is dbnc by 
aspirating Vamples •of gas from the c 3 i*it pipe by ifltansof^an 
india-rubber finger-pump and forcing it through a definite 
quantity of caustic-soda solution coloured with mcthyl-oranjjc, 
until the colour turns pink. The number of charges of the 
finger-pump should be constant. 

E^. de Haen (Gcr. ?. 121886) modifies the procc.ss above de- 
scribed as follows : — ]Vf\iriatic acid, previously freed from arsenic, 
Is rup into dilute sulphuric acid, heated 10' above the boiling- 
point of the fq^mer; chemically pure hydrochloric acid, of the 
same strength as the crude atid employed, distils over. The 
heating is ^^erfgfmed in leaden vessels, by means of a lead 
steam coil, with stcafn at three atmospheres pressure. The acid 
distilling over is condensed in stoneware coils. 

Deacon ^nd Hurfer (B. Ps. 2104 and 2311, of 1880), widi 
the same object, convey the impure HCl- vapours through a 
tower in which concentrated sulphuric acid is descending. De 
Wilde and Reychler’s patent (17272, of agrees entirely 
with this. Another patent of Deacon and Hurters (15063, 
1888) refers to obtaining dry HCl by the actiorf of a current of 
air on a mixture of common salt sulphuric acid • , , 

A. R Pechiney & Co., havp takcq out a E'rench patent 
(No. 217734) for the foli*)wing process:— The appiiratus ^for 
expelling^ pure HCl from crude acid by means of air and 
su^huric acid is divided by a perpendicular paftitmn into two 
unequal compartments, comr unicating at, top and l>ottom. 
The smaller of these is provided wkh several jaasins ; the larger 
is connected with a sort of Glover tower for rcconcentratmg the 
dilute sulphuric acid by hot gases. The h/H concenjraied 
sulphuric* acid, com^g from the b^tom of the tower, is mixed 
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with the impiiyc aqiicoun liydrochloric acid in the top basin of 
the smaller compartment, flows downward over all the basins, 
and then enters iiUo the larger epnipartpaent, . where, it is 
traversed by a current of air which 'expels the HCl gas, the 
mixture of gases being used for thev manufacture of chloi^ine. ^ 
Solvay i. (’o. (B. 1 ‘. 1 5531, C)f 1889) employ for distilling HCl 
a long evaporatkig-trough, \yith a longitudinal separation not 
(jiiite reaching to ihj back ^Mld, and a "iircplacc underneath the, 
front end. Icach^of the two c(»mj)artr.icnts is connected by pipes 
with a smaller, closed trough, p’aced alongside, and forming the 
flistilliilg-vessel pro}>er, one pipe ser’ang as r.r inlet and the 
other as an^>utlet• The small trough is not heated. • The whole 
apparatus is fillrd with sulphuric acid of 142 Tw’., or with con- 
centrated calcium chloride solution prtipcrly heated. Then by a 
funnel-pipe In drochloric acid is run into the small distilling- 
trough in a continuous jf't. Pure HCl is at once given off and 
esca[>es by a pipe from the distilling-trough, the w’ater remain- 
ing behind and dilutii\g the licjuid. In one of the compartments 
of the long evaporator a paddlc-w'heel cau.scs the liquid to flow^ 
in one direction; therefore the licjuid, which is g(;‘tting diluted in 
the distilling-vessels, flows slowly through one of the connecting- 
pipes into the evaporator, travels along the, sep3*'ation, and 
through the second pipe back into the evaporator, w'hcre it is 
not allowed at once to get to the first (outlet-) pipe, being 
compelled by zigzag walls to travel a long w'ay between both 
pipes. 1 he funnel-pipe for feeding the hydrochloric acid is near 
the second (inlet-) pipe. It is best to employ sulphuric acid, 
since there is clready some in the hydrochloric acid; but 
ip this case the evaporator must be made of lead, whilst 
with calcium chloride it may be made of wrought or cast iron. 
^This seems entirely out of^the question, as the liquor will 
never leave the distiller free fr/)m acid !]. The distiller must be 
made of Ipad, lined with acid-proof s&one, or entirely of stone or 
stoneware. ^ 

The princfple of inking pure HCl from impure acid%y 
expelling it with sulphuric acid* is anything but new. As 
early as 1868 P. W. Hofmann ^ made pure hydrochloric acid oil 
a madufacturing scale by^^unning sulphuric arid 170* Tw. 
intiS) <pude hydnkhioric acid, HCf gas escapes at onc^ is 
^ Am. IL a. 272. 
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washed in^a washing-bottle, and tb^rbad in <fistilled ’ water. 
This goes on till the sulpjiuric acid has got down to 131* Tw. 
It acts of cgursc^y attracting v/ater and driving the free HCl 

in the state of gas; ffis said to retain only 0-^2 per cent. 
^ HCl. ^t may either be cn^loycd for dccoipposing .salt or be 
concentrate*!. * One hundred parts of concentrated ‘oil of vitriol 
furnish 40 parts pure hj^drychloric acid ofsp. 1-181. 

, As might be expcct<Jd, yofmann’s prc^css docs n(4 remove 
any arsenic from the hydj^ocliloric acid, but i^jcrea.scs it b\^ that 
derived from the sulphurjc aci^l. In fact Fresenius found the 
gas contained^ arsenic ip cill stages of its evolution.* This, 
thg’efore, hfiust^in ^n;f ca.se be removVd independoiitly, a.s#will 
be presently descfibed. 

;\ccording to a .series of patents (Vereln Chem. Fabr. mi 
Mannheim, Eng. l\ 16910 and 16910 A,T)f 1906 > W. Hascnbach, 
J^.S, P. 834977, of 1906), hydrochloric acid may be freed from 
arsenic, sulphuric acid, ferric chloride, and all other impuritic.s 
by washing withli}'drt)carbon (peat) oil.s. 

• ^fagnesium Chloride is employed by Scheur (Ger. P. 123861). 
He obtains hydrochloric acid free from sulphuric acid by 
running crude muriatic acid* in a continuous .stream into a 
/nagnesiun^ chjjj^ridc .solution, boiling at 118'’ to I20''C., in such 
manner that the botling is never interrupted. 


Punfication *of Hydrochloric Acid from Arsenic. 

Many proposals have been made for preparing pure, 
arsenic-free hydrochloric acid from the crud(^ acid. Houzeau * 
states that weak acid can be obtained free from arsenic by 
simply evaporating it in an open vessel to kwo-thirds of*ts 
volume, in which case all the^ arsenic distils a^ AsCl,. In 
order to obtain a stronger acid^3. litres pf crude acid are ptft 
into a 6-titre flask, 03 g.^of powdered •potassium chlorate are 
added, and the flask is closed by a perforated corfe ctry* 
ii% a 4 ifety tube and* a wide tube of 20 in. length. The 
latter is drawn out at the bgttom and* filled with about 100 g. 
of copper turnings, and On the^ top of ‘these* wlfli » 3*m. 
layer of asbestos or pounded glasa This tube projects pretty 
^ into tHd of thb fla&k, id ord^r to heated by^the 

^ CmpUt p I02f 
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. vapours ; its u^J^per eitd it connected, by another tube, with a 
receiver containing water. . If heat^.is now applied, by the 
action of the KCIO.*, the AsCl, is cepvcrtecl jnto ;ion-v( 4 atile 
AsoO^; the. excess of chlorine cscajies along with the HC^ 
but is retained by the moist copprr, and drops back i^to the ^ 
bottle as a solution of CuCl^. ^In order that an excess of Cl 
may always be present in thq. boiling Hquid and the reduction 
of As/)^ be avoided ♦'a stre.1in of h^'drpchloric acid containing ^ 
ten times the origi»nal quantity of KC10.j is run in continuously 
through the safety-tube. Of course U'lis process is too trouble- 
some and expensive for working ^on' a largq. .scale, and its 
success is after all only pfoblematical [cf, bclftw).* < ‘ ^ 

A suitable plan for eliminating arsenic ‘was proposed by 
Bettendorf,* viz., adding a solution of stannous chlorieie in 
concentrated Hl'l. I'his produces a brown precipitate, con- 
sisting of arsenic with 1*5 to 4 per cent, of tin, but only i*. 
cone^entrated hydrochloric acid of sp. gr. 1*182 to M23; with 
acid of 1*115 precipitation is incorfiplete; with acid of 
1*000 no precipitation at all takes place — probably because* 
then the arsenic is not present in the liquid as^AsClg, but as 
AsoOg. 'I his reaction is not bnly very well adapted for 
detecting arsenic in the presence of antimony^ sineg the latter* 
is not acted upon by SnCl.,, but also fbr purifying crude 
muriatic acid from arsenic, which is precipitated by a fuming 
solution of SnCl.,, separated by filtration aftt^r twenty, *xfour hours 
and the acid distilled off almost to dryness. The distillate 
is quite free from arsenic. Probably, instead of distilling, 
Hofmaiiii s process of driving out the HCl in the cold by strong 
vilriol might be employed, if the latter can be obtained free 
from arsenic. * 

% Mayerlvi^T- completely confirmed Bettendorfs statements, 
but found that mere oxijlation qf AsCl.^ to As^O^ and subsequent 
distillation could not purify the hydrochloric acid from arsenic, 
as H, Rose and others had asserted ; for arsenic acid is 
dccompo.scd * b>^ MCI, especially on heating, with formati^ln 
of AsCla and chlorbic, and that aK the more easily the more 
concentrated the HCl. Hence the proposal made by Bensmann ® 
according to which the acid ^is to be diluted to ^p. gr. M 2 and 

* c\civ , p. 253. - Anal. Chem. Pharm..^ clviii., p. 326. 

* ** Chtm. 18S3, p. 203. 
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distilled wkh potassium chlorate, ^:aithot* produce the desired 
result. 

Tie Hfii’korteche Bffgwerke und Cfhemische Fabriken 
(fer. P. 109488) bring gaseous (impure) HCl mto contact 
with ^ solution of stanncws chloride, eitlier bj; passing it 
through tho»solution contained in a suitable vessel, or upwards 
in a tower in which tbe^ solution is runnilig down. The 
j^urification takes placet m^st quickly if* the temperature ol 
the stannous chloride solution is not much Ifbove that of the 
outer air. 

Hager ^ ren^ks that, if tlie precipitate formed in Hettendorfi 
prqfcss is*«not corjpletcly filtered off before distillation, the 
distillate always contains arsenic, even with an excess of .stannous 
chlorkle. From the latter stannic chlor^lc is formed 

(3Sna,, + 6HC1 + As/), ^ As, + jHjO + aSnCg, 

• 

and passes over iiiib the distillate. • Hager consequently 
recog;imends the proce.ss of Duflos : — The acid is diluted to M3 
sp. gr. ; if it contains any SO.,, some MnO, (or KCIO3) is added 
then broad bright strips of copper arc put in and digc.sted 
one day at^bo^ 30^ C. The strips of copper are taken out 
scoured, and putjnfo the acid for another twelve or fourteen 
hours. Thus all the ar.senic is precipitated on the copper, 
the chlorine is removed, and the ferric chloride is reduced tc 
ferrous chloride. Thallium also is precipitated by copper in 
the presence of ar.senious acid. The liquor is then distilled, 
after first putting a few .scraps of copper in^o the retort, in 
order to protect the ferrous chloride against bemg reconvertefl 
into ferric chloride. 

Diez accomplishes the .sam8 rvsuh by treafhtcnt with 
sulphuretted hydrogen, filtering, ^nd di<?tilling ; ^ Engel,* i,till 
more simply, by adding 014 to 0-«; per cent, potasshim t’l^- 
sulphate, oouring off from the precipitate, and distilling. 

S'he Tentelev ChemiCal Works (E<jg. P. ^0731!?. of 19 *6) 
obtain pure hydrochloric acid*L/ distilling the corrynerciai ^cid 
in the presence of a concentrated ^glution of zinc chloride of 
such stren^h that it ma3^ be Jieatqd to *25® to I35*C. The 
* Wagmt^s /akAsber., 1872, p. 263. * Wagner^ t Jahr^kr., 1873, f. J&3. 

* ^ Engel, ibid, 1874, p. 275. ' 
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operation is coi^inuoifs, efud^ acid being introduced m quantity 
equivalent to the pure acid obtained. , 

Hargreaves- and Robinson (B. P. of^’pth Ajug. 18^2) proposed 
to add H.S before condensation in' the manufacture of HQ 
on the large scale, in order to remove arsenic and to^reduce ^ 
SOo to S. The latter was of special importance ito them, as 
in their process \he HCl always coptAined a little SO,, which 
was prejudicial in thd j3rcpaftition 0/ cljorine. ^ 

Leather (B. 1 * 2493, of 1882) tro<its hydrochloric acid with 
hixviuiu sulphide ^ which remow's b(«»th arsenic and sulphuric 
acid. D’Andria (B. P. ^17908. of 'f8«8 7)^ employs precipitated 
zinc sulphide. Beckurtsh removes ar.scmc by di.stiMlng hyijro- 
chloric acid with ferrous chloride and rejecting the first 
3<5 per cent, of the distillate, which contains some arsenic, 
whilst the sub*scquent 60 per cent, is free from it. Otto“ 
saturates the acid, aftei diluting to .sp. gr. M 2 , b>Mcpcat«jl 
treatment with H.>S, sejiarates from the })recipitatcd As^S^, 
distils, removes the first portions of the' distillate, and collects 
nine -tenths of the acid as pure. , • 

Whitehead and Gelstharp (B.P. 18940, of ^894) treat the 
crude muriatic acid with .sulphuretted hydrogen or preferably 
with a mixture of H2S, SO,, and air, such as i^.obti^ined by thp 
action of muriatic acid on Leblanc sofla refuse, 

Wylde, Kynaston. and The United Alkali Co. (B. P. II 353 » 
of 1897) purify hydrochloric-acid gas fron*! arsenic Jay cooling it 
and passing it through a drying tower filled w ith coke, where 
the arsenic is entirely retained. 

The Farbw'ei*ke Hochst (Ger. P. 167355) remove the arsenic 
tty vanadious ^salt.s. They pa.ss the hydrochloric acid gases 
through the blue solution of vanadious hydrochloride or 
•sulphate, ^\^luch thereby tunu^ green, the reduced arsenic being 
separated as a powder. 1 his also retains the chlorine and 
ferric chlbridc. The inactive, greeir solution is freed from the 
arsenic by filtration, and vanadium protoxide is reduced from 
the VgOg by cleptro-chqmical methods' 

A sinil?r process was also ' patented by the Farbwerkc 
vormiMeister Lucius un(\ Pruning (Ger. P, 164355, * 9 H)* 

The Verein Chemischpr h'iijbrik^n in Mafinheim (Ger. Ps. 

^ * Fisc her* s Jahresber.^ 1884, p. 348 ; 1887, p. 545 *, 

“ Y886, p. iQor. 
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* 795 * 3 » *^95 ^4i hav^f fcfUncf that ytineral oils take 

up the arsenic from gas(|^ and liquids, if thc)* are brought iiitc 
intinaate ccintacbuivith t(jem, preferably also applying a cooling 
action. If the arsenic Is not already present as* As., Cl,,, it is 
brought to this state, «\^.,«in dilute muriatic acicj by passing 
some gasODus HCl into it, j^id in. sulphuric acid containing 
arsenic by the same n^p^ns. TJie mineral ^)il cm; loyc'd {t\g, 
lignite oil) is not chlorwiat^d itscF, if th(? tempeialurc lemains 
low, and can be rcgcnertteci by washing, firft with lime water 
and then with h^xlrochlofic ac'td. From ordinal')’ h\'drochloric 
acid the arsei^c nna;^' bt‘ •renKued agila<hig with mineral 
oi^ and in* the saijie wa)’ from sulphuric acid by adding some 
muriatic acid, w hich transforms the arsenic into chloride, and 
substquently agitating w*ith mineral o^. (The Hritish patonts 
for this purpose have been taken out b)’ C. \V Johnson — 
os. 16910 and 16910 A , of 1 906.) 

The same firm in their Ger. V. 195437 (Ik 1 ’. by Johnson as 
above; Fr. P, 368752) extend the procesg to other oily matters, 
•excluding easily decomposable glycerides of fatty acids. They 
also propose ^cooling down the lujuids before bringing them 
into contact with the oils. 

• Dr Lui^^e ^as informed that these processes have proved 
quite efheient, anef are in constant application hi Germany, 
England, Austria, and the United State.s. 

The CT^mische Fabrik Grie.sheim-Elektron 'Ger. Ps. 194864 
and 195578) removes the arsenic by dichlorben/.ene or carbon 
tetrachloride, or, preferably in the ca.se of ga.scs, by acetylene 
tetrachloride, allowing the ga.scs to meet *thesc liquids in 
towers. 'Phe washing-agents are entirely freed from arscriSc 
by w'ashing whth about twice their bulk of water. 

Arsenic and mo.st other imjjuiitic’- may be removed ^ bj' 
passing the dry gas through » bri?ic .circulating refrigerator 
which condenses the ar.scntous chloride and other inqturiti 

Lucrejp and Riche (Fr. P. 480247, of 191^; convert the 
imj^urities into non-vol 5 tile compounjis by ^iddit*. )n of per- 
manganates or other per- s!i..s and obtain, the HCl hy 
distillation. 

Rov, Chfyi. Tr^dc J^m.^ 1913, p, 43 v 
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Removal of all Impurities from Hydroehloric Acid. 

• « 

Sulphurous add and chlorine, ac(?Qrding DamontCy are 
removed from hydrochloric acid by a current of carbonic acid^ 
without reduring its percentage* of ‘H CL The latter assertion 
has been refuted by Roscoc #ind Dittmar^ the former by 
Bolle)' and Ott, wVo did not iwtice Uie least effect of carbonic 
acid on tlie SOo contahied in hydroc^hlowc acidd 

Chemically pure acid for pharmacc%itical purposes is said by 
Giudicc- to be prepared by rentoving from the sulphuric acid, 
previous to, its decompo^i^ing the sjTlt,« any SO|,*by potassium 
bichromate or jjermanganate, and passing ‘the HCl through 
mercury, in order to remove Cl, Br, I, ancf FeCl^ [but this 
res\ilt can hardly be attained in this manner !] ^ 

Friese-'* holds that ])erfcctly pure hydrochloric acid can be 
made from common salt and ordinary sulphuric acid hjr 
thoroughly washing the acid gas with boiling water or steam 
before passing it into the absorbing-vessels 

Habermann'* prcj)ares perfectly pure h}'drochloric acid from 
so-called pure acid of commerce by adding o 5^ g. potassium 
chlorate to a litre of it and distilling from a glass retort with 
a Liebig cooler into a receiver, containing sa^^murh distilled 
water that an acid of from 20 to 25 per cci\t. HCl is formed 
when J of the contents of the retort have distilled over. If 
free chlorine is to be excluded as well, thJ receiveP'is changed 
when the distillate comes over entirely colourless. All the 
arsenic is said to remain in the residue. 

A gas-filicr lor the purification of hydrochloric acid is 
described by lioulouvard (B. B. 4609, of 1899). A tank is 
provided with a kind of grate, formed by coarser particles, on 
’X'hich rest?i a layer of 18 in. to* 3 ft. depth, formed of grains of 
i to J in. diameter of indilTereiVt substances (coke, quartz sand, 
crifehed sfonewarc, with a rough surface on which dusty and 
fog-like partiqles of salts, arsenious chloride, ferric, chloride, 
selenium, and sulphuric fA:id are retained). The gases pass Vhe 
tank •slowly from the top downN^ards, say about i cbm. per 
0*5 sqi« m. of surface. (S’rfiilar gas-filters are employed by 
Kessler in the concentration o^ sulohuric acid, and in the 

‘ Wayner^s Jukreslfcr..^\^(yo^ p. 19). ^ Ftscker*s Jahrtsbtr.y 1S82, p. 373 * 

’ Chem, Imi,^ 1898, p. 987. '• * Z. angntM^kem.i 1897, p. 202. 
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plate-tower erected at Duisburg, p. y5.) Sometimes' 

such a gas-fiker will ctrtainly cause such a loss of draught, 
that artificial ckaught i^ill have to be created cither before 
*or behind the filter. • 

SWnner (U.S. P. 87555§) aHows the crude miyiatic acid to 
run into distilling flasks froiji which the vapours pass into a 
large intermediate vesjicl wher® ferric chlcVPide an^ the other 
impurities are separated, e^’cept ctilorincf The gas is removed 
by bringing the vapours into contact wtth acetylene gas. 
(Arsenious chloride wilUnot’be removed in this way.) 


* Jnju/ iuu:i <y ifit- I inj'ui lilt i uj n yuf ut/iiur il juitu. 

The presence of sulphuric acid [s very injurious in •the 
revivifying of the spent char of sugar-works by forming calcium 
*€ulphatc, which stops up the pores and on ignition is converted 
into ca’lcium sulphide. According .to Dcutccom ^ such* acid 
cannot be empfoyecT in carbonising wf)ol, because it acts too 
• strpngly on the iron drums. In the manufacture of sal- 
ammoniac of aniline hydrochloride it interferes with the 
crystallisation. In dissolving basic slag (from the Thomas 
.Gilchrist 4)ro^ss) it acts le.ss advantageously than pure 
hydrochloric acjd.* Rurup- .states that in gahanising iron 
impure acid causes black .spots which do not take the zinc, 
For galvanising purjjoses the acid ought not tr contain upwards 
of I per cent. SO3; 1-5 per cent, is the extreme limit. 

Sulphurous acid is easily reduced to HgS, which acts 
strongly on brass wire-netting, and causes fliequalitics if used 
for pickling iron before rolling it into sheets. Arsenic c^bts 
similarly. Its pre.sence has, moreover, caused fatal accidents; 
acid containing arsenic has beeh used for producing hydrog«?h. 
Nitric and nitrous acid, chloritx, and selenium are injurious in 
the manufacture of aniline* hydrochloride, which thercMiy acq-ircs 
a red ai^d afterwards a greenish colour. Sclcniu^n also produces 
a^inkshade in sal-amnrloniac. Acconying to/i. K’ Davis, ^ it i.s 
the presence of selenium jv^wch maki s the acid airw^ui table for 
refining oil, pickling w ire, bleachiii^^ etc. — nqt iron or arsenic, as 
commonly supyosed , 

* Che^n, Zeit, 1H92, 5;^ Chtm, /Ht, i 894 i P*^ 25 - 

4 / Soc. Chem, InA^ 1883, p Aj;. 
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l\icki>if^ and Conveying Hydrochloric Acid. 

a • * 

Until a few year', a^o the carriage of hydrochloric acid was* 
very trouble^'oinc, because inanafadurers confined theri?selves 
much longer to the exclusive uae of glass carboysf'packed in 
wicker hampers or wooden tulx., than i in the case of sulphuric 
acid, uiifler the impression that Ihi,') wri-> unavoidable. In the • 
case of hydrochl()ric acid, with its low'cr'specific gravity, the dead 
w eight to be carried and the lo.ss by -breakage of the carboys 
is co^nparati' ely even mope .serious tfiah in the c^>c of sulphuric 
acid, w’hich, moreover, formerly represented a greater valwe. 

In France glass carboys were, in fact, frequently replaced by 
earthenware Ixiltles, of. Fcaiivais potter}', holding aboift as 
much as the glass carb(W’s (saw n or >2 galls.); these could 
be stored up loose at the works, but when being sent away* 
they were also put in hampers Sometimes even smt\ller 
packages were used, such as bottles holding about 45 lb., four 
of which were packed in a case. , • 

d he earl}' attempts at doing without glass .oarboys wx‘re 
not ver}' successful, so long as vessels of mit much larger size 
w'cre employed. Thus, for instance, in En^law^l gi£tta-percha% 
bottles, holding i .1 or 2 cw't., w'cre sumetime,^ employed ; but 
thc.se cost /‘3 each, which was about fifteen times as much as 
the acid contained in them, and they required constant repairs. 

Of course they ccnild only be employed for sending to com- 
paratively short distances, as they had ahvays to be returned 
to the w'orks 

Iron ves.sels ^vith ebonite lining, as shown in Fig. 153, are 
much better At a. the india-rubber hose for running-off is 
.sfitnvn These vessel." hold alJout 8 tons, and none but these 
are used at the Chauny ^vork.s. • 

tn Germain' mo.stly stoneware vtsscls, of the .shape shown 
in Fig. 157, ai;e now' employed. Such pots, of a capacity of 
800 litres (about j8o gayons) have a height (wdthout cover)^of 
4 ft. 3 in., find an og^sidc width oUj ft. 6 in. Twelve of these 
arc placed on a railway trj.»^, 23 ft. 9 in. long and 8 ft. 3 in. 
widf , in two row's, and are fii n^y fix/?d tlvercon by a wooden frame, 
the bdttom and* all contact surfaces being protected by felt 
against the effect of shocks^ These twelui! pots contain lo 
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tons of acid. They are fixed ofl ^ trif:k, and are filled and 
emptied by siphons. 






As these hyikochloric-acid railway trucks must be con- 
structed in a particular iuanner if they are to fulfil their object, 
and* as there appears to be soinc^ difficu]!)’ in obtaining 


particulars o^a this ppint, ^such, a truck is shown wi^ all 
details jn l-‘igs. ' 54 '-J ' 57- F’g- > 54 « a logg|i udmal : 

Fia ,cc section^ nlans at levcUrt and hin Fig. 1 54; F>g- *50 
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•a cross-section ; Fig. 137 a*Wf-section of one of the pots. \Ve 
notice the wooden blocks / /, coated /it both ends with india- 
rubber or felt, by ^hich the pots -are stayed against ^one 
another ; on ]:hc top they arc kept together by light boarding,^ 
gg arc linings for the bvittoins of the pots, mude of 
cork wood ; h h are wooden blc^cks, staying the pots at their 



lower part, without india-rubber lining, fixed by the cross 
pieces ii, Fn Fig, 157 ,wc see the 'joint, made for beiftg 
stemmed wjth coal-tar and sulphur. 

Pohl^ (Ger. P. ^o‘l88) proposes coating iron vessels with 
asbestos cloth soaked with paraffin, wax, stearine, and the like, 
for the 5»urpose of carrying acids. Kramer (B. P. 4684, of 1895) 
employs wooden vessels coated inside wj^h asbestos and 






ft • 
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^silicate of and* aflfcr\fards with paraffin, wax, pitch, 

tar, etc. . * • . 

Sii^onct (Ger. P* 6437) places (?ffboys .tf acjd-resi^ting 
material in a metallic jacket consisdng of two halves; the^ 
space betw'ccn the carboy and jackcUis filled with sonae suitable 
substance. ♦ . ’ # 

Some of the ^ipparatus i^id coyt/ivances for conveying 
sulphuric acid, de.scrib^d sulffliuric acidi'olumc, w ill also .serve ^ 
for hydrochloric adW. • 

J‘feffer ‘ di.scus.ses at length the carriage of chemical liquids 
on raihvays. • , * ^ 

A*dcscrij?tion of the truck for the carriages of minaatic agd 
by ('hark^.s Roberts & C'o . of Horbury Junction, Wakefield, is 
giv^i- It is a truck, l^olding 10 tods acid, made of w^od, 
avoiding an)' iroft nails and .screws and the like, and thoroughly 
coated with pitch and tar. 

ly Germany, railway pars are built holding 15^, tons acid, 
stored in ves.sel.s with jiearly straight sides, ot a capacity of 
II or \ 2 cwt each ^ 

A carefull)' desigiu'd tank for the transport oi^ hydrochloric 
acid b\' road, rail, or water is patented by British Dyes Limited, 

J. Turner and J H. We.st (Kng. Pat. 124, 9^7). «The tank, 
is built up of steel plates lined with ebonite or vulcanite, 
vulcanised on to the metal. The method of jointing, baffling, 
and air- escape arc described. ' n 


Storing Cisterns for Hydrochloric Acid. 

Usual 1 )' stone cisterns arc cmpkn'ed, which have been 
described on pp. 261 et seq, : but these arc heavy and expensive. 
In man)’ cases stoneioarc po^s (^pp 270 et seq.) may be used, 
especially by connecting* a number of them, by means' of glass, 
india-rubber, or stoneware siphons, in such manner that the acid 
can be run in.upKjut of any one of the v(j;ssels. ^ ^ 

Round wooden fitore vessels arc show’n, P'ig. 1 18, p. 316 ; they 
are nof ofteft rhet with. A bcjttcr plan is that of square wooden 
lined with* brick, pined with coal-tar asphalt; the 

* Z. artf^ew. Chem., 1908, pp. 98 et seq. 

^ Chen{. Tmxde Jour.., J908, vol. xlii., pp. (^f-etseq. 


c 



'STORING CISTERNS 


411 


well-known cement made of asb^toB po^v'der and dilute water- f 
glass solution is also applicable her.e. * 

T. D. OivenSf(B. P. Jf294, of 1892) m<tkcs hydrochlorfc-acid 
cisterns of two layers of \vood or other material, \vith an inter- 
mediate space into which it poured a moltep mixture of about 
equal part^ of brimstone, groii^id pyrites,* and sant?. The inner 
wooden shell may be lef^ out, apd the abow mixture applied 
on a background of wood, slat<?, vulcanite, or nu lal This 
invention is also applicai^lc to the construciion of electrolytic 
cells, vitriol chambers, copdensing towers, etc. 

The Dcu^s«he Ton-, imd Steinzeugwerke. Charlottcnburg, 
su4)ply iron-cased •stoneware vessels, Consisting of Single pieces 
joined by an acid-proof cement 

Adamson (U.S. P. 846541) employs^ bottles of glass, ccrejync, 
or other materials, the bottoms and sidc^ of which are 
•strengthened by wire gauze embedded in the material. 

,The Westdcutsche Tonwerke at Epskirchen make stoneware 
vessels up to lO^ tons* capacity, and wcigjiing less than the stone 
' cis^'rns. Stoneware vessels holding up to 2.J or 3 tons capacity 
are now m^e by all larger potteries, and are found at all 
German works. * 


Sintistics. 

Jh^xaeP statistics as to the quantity of hvdrochloric a>..id 
manufactured cannot be obtained in most cases, a., mo.st of it is 
employed at once for making chlorine, etc. It may be indirectly, 
but only very imperfectly, inferred from rtie amount of vSalt 
decomposed ; (/! p. 2 1 . • 

For Germany, Hascnclever estimated tlic production in 

1882 • 

• From 18 soda-works - 126,450 .oi*s acid, 20“ Baum6. 

„ 8 potash „• 22 000 

148,450 ^ 

In 1891, Germany infported*48i, and exported loji tons 

hydrochloric a4:id. ^ 

Fr^Ce ^imported in* 1893, 3^*2 toi*s hydro* nlurdc ^ic^ and 

exporfSi 1517 t%js. 
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0 . N. Witt^ calculEtes*th€ German production ot saltcake 
and muriatic atid at 300,000 tons Qach in 1902. . For 1906 
we m?iy put the figdrc = 350,000 to*^oo,ooQotons^each. .The 
exportation jn 1901 amounted to 4*1,742 tons saltcake anc^ 
12,143 tons muriatic acid. . o «’ 

Some Statements * on the production of muriar'.ic acid in 
Russia are found •in Chcm. 1900, 9. 543, and Chem. Zeit., 
1900,9.313. « ^ I 

liel^iuin prudi^ccd 22,500 metric ions of hydrochloric acid 
in 1913, and 27,000 metric tons iu 1929. 

Only* for the United States do wa possess ac':vrate statistics 
in tht* Vnitfd States Letfsus Bulletin, N(). XIll., by Professor 
Chas. K. Mimroe. From this we take the following state- 
ments 




In 1900 

In 1905 , 

Number of fac torics 

manufacturing muriatic acid 

. 3 > 

36 •. 

Of these there were principally occupied witii 



(Aher jiroducts 

• 

c 

25 

Quantity of muriatic 

acid prftduced . lb. 

134,229,012 

188,538,396 

V'alue of this 

. . . dollars 

i»J75/)oo 

1,730,221 

Of this there was 

worked up m the factories 



themselves 

lb. 

> 7 , 553/^3 

61,035,714 

Average value of \ lb. in cents 

0-0087 

f * 

0-0092 


HjCI manufactured in U.S.A. in 1914 (Dept of Commerce, 


Misc. Rep., No 82, p. 177): — 


i 


Short Tom. 

Value. 

HCl manufactured for sale 

85,438 

* '.343.805 

Maile and consulted 

83,»45 


Total production 

t 

168,584 



t The condcn.sation in Woulfe’s bottles and coke-towers has 
been replaced there in most caser by Lunge-Rohrmann columns. 
Thc^Cellariiis tourics arc also employed. 

' C^em, I mi. d. Deutsch. Reiches^ 1902, p. 82. 
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• Applications, 

• • 

The applications of hydrochloric acid are extremely numerous, 
^ome 4)f it serves for preparing chlorine, which, in its turn, is 
employed ^or manufacturing bleaching- powder* and liquor, 
chlorate of potash, etcT., hr dire^tl^^ for blcach^ig. In Germany, 
during the year 1878, thS ^toppage^of several alkali wc ’'ks raised 
the price of hydrochloric^ackl so much that ig some plates the 
manufactures of chloride of lirr^c and other applications of that 
acid at the works themsefv^s were discontinued. 

The •grovvfti qf the electrolytic*«alkali j.iocc.'is has gnade 
chlorine more plentiful than hydrochloric acid. Each is now 
ma4p from the other, according to which is the more plentiful 
in the district. * • 

, The application of zveak HCl have been dc.scribcd on p 368. 
Hydrochloric acid further serve.s, mo.stly in its ordinary state of 
concentration, fftr preparing the chloricles of zinc, tin, antirnony, 
• ammonium, barium, calcium, etc. ; for nianufacturing bone-glue, 
superphosphate, purified animal charcoal ; for revivifying bone- 
char ; for bl^<iching, partly by itself, partly along with chloride 
^ of lime, and in innumerable cases in dyeing and printing ; for 
preparingTsevcral lOther acids, especially carbonic acid (in the 
manufacture of*sodium bicarbonate, mineral waters, etc.) ; for 
neutralisjjig the caustic soda in nianufacturing alizarine and 
resorcine, and in the manufacture of mair other ^artificial 
colouring-matters ; for pickling iron and zinc ; for freezing- 
mixtures (with Glauber’s salts and snow);, for preparing lead 
oxychloride from galena by Pattison’s process ; for making 
aqua regia ; for purifying sand and clay f»m iron for glass 
and ceramic manufactures ; fo% purifying cream ^>f tartar ; for 
precipitating fatty matters froi]j so: p- suds, and for decomposing 
the limefsoap formed from the same , Ibr the metallurgical prep- 
aration of copper, and of galena containing zinc ; for glutting 
t^e zint from tinplat® scraps; for recovcririg..uIphur from 
tankwaste ; for removing boder-scala^; as auxiliary in diffusion 
at beetroot-sugar works for ^turating the SyTips Aid the 
manufacture of sugar from moliisscs b)* means of* alcohol ; 
and for innumerable (fther •purpc»es. • 

\Dingl. polyt. p. 92* • 
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A very interesting guid/i to the relative demands Tor hydrS- 
chloric acid in various industrjes is giv^n by Munj'oe from data 
collccfbd by the U.S.Ikrcau of the Coti^us 

. t 


Hydrochloric Acid. 



« ItlOO. 

ig« 5 . 

Produclion 

u>. 

• 

134,'229,OI2 • 

188,538,396 

Consuniption : *' 

Blcacliinj^ materials' 

908,000 

1,004,000 

Chrome tanna|C‘ . 

f,000,CXX) 

6, OCX), 000 

Cleanin}4 facades . . , 

3,cxx),oc)o 

4,ooo,(X)o 

Disinfectants 

, 2,500,000 

3,2CX),000 

J)yestuff. . . . 


'7,632^027 

Fine chemicals 

1,146,697, 

1,181,078 

(General chemicals 

3,488,01 X) 

13,096,827 

f Glucose m. iking . 

10, 846, 828 

12,283,466 

(due making * . 

38,186,338 

61,795,150 

Olive curing 

2,500,0CX1 

3,5oo,cxx) 

Papermaking 

3,000,000 

4,ooo,(Xio 

•Pickling metals . ’ . 

27,000,000 

K 30,000,000 

Reducing and refininj^ metals 

I5o57,6«o 

24,729,2190 

Soapmaking 

400, exx) 

393,246 

Soldering .... 

4 , 0 (X>,cx>o 

^^,000,000 

Textiles . . . . . 

6,000, OCX) 

7,000,000 

W ashing bone black. 

1,500,000 

1,750,000 

Washing sand and clay . 

i,5oo,(x»p 

* ^jdbo.cxx) 

All other uses 

it 33 <^N 005 

‘ i, 973 , 3 J 2 


' J. ll\is/iin^/on Acad. Sii.y 1911,*!, 70. 
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